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HE Hickey Memorial Lecture honors 
the memory of a man who was re- 
spected and loved by all who knew him. He 
served his community well as a practitioner 
of otolaryngology, then embraced a new 
frontier with enthusiasm roent- 
genology came into being. He was a pioneer 
in this field and used a common sense ap- 
proach to its development as a diagnostic 
agency. One biographer said of him, “He 
took up the roentgen ray when it was a 
scientific curiosity and laid it down as one 
of the foundations of modern medicine.” 
Your present essayist was privileged to 
be associated with this great man in the 
twilight of Dr. Hickey’s career as a teacher 
and diagnostician at the University of 
Michigan Hospital. Young men found him 
approachable and patient in the discussion 
of professional as well as personal problems; 
for Dr. Hickey always appeared to have an 
abundance of time to spend with them. 
Yet one knew that he carried a heavy load 
of administrative duties along with teach- 
ing and roentgen diagnosis. 


MICHIGAN 


He is remembered for his gentleness, his 
calmness, and his kindness. One of my first 
recollections of this good man was the ob- 
servance that he was putting a blanket over 
a patient in a drafty hall when other people 
in the area, less busy, had not noticed the 
patient’s distress. Dr. Hickey was not a 
dogmatic teacher; he asked the young man 
to reason out the answers. If he corrected a 
fault, it was always with a kindly, almost 
apologetic manner, accompanied by a 
sympathetic smile. He did not offend. 
Men were better doctors for having known 
and associated with Preston Hickey; they 
were inspired to emulate his reflective 
gentleness. 

A woman was referred to the Department 
of Surgery in 1929 because she had chills 
and fever, some discomfort in the left 
side, and infected urine. Dr. Hugh Cabot 
was out of town, so the problem fell into 
unseasoned hands. Cystoscopy was per- 
formed and a ureteral catheter, introduced 
on the left side, could be passed only a short 


distance. Roentgenograms were made 


* Presented before the Wayne County Medical Society, the College of Medicine of the Wayne State University, and the Detroit 
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which failed to establish a diagnosis. 
The neophyte surgeon approached Dr. 
Hickey seeking help in solving the diagnos- 
tic problem for calculous disease was sus- 
pected yet had not been demonstrated. Dr. 
Hickey stroked his chin and seemed lost in 
reverie for a time, then suggested another 
attempt. He put the patient into the oblique 
position by slipping a pillow beneath her 
right flank in the hope that a stone shadow 
obscured by the bony shadows of the 
sacroiliac area in the anteroposterior pro- 
jection might thereby be projected into the 
area of the thin ilium and be made visible. 
This maneuver indeed revealed the sus- 
pected calculus and a new diagnostic 
approach to the ureter was born. 

The technique has been particularly use- 
ful in certain cases of ureteral neoplasm, as 
well as calculi, where the anteroposterior 
projection roentgenograms have failed to 
provide diagnostic shadows in the region 
in question. The oblique projection roent- 
genogram has also been useful in demon- 
strating that certain shadows, which ap- 
pear to be in the ureter when observed in 
the anteroposterior projection, in fact lie 
outside the ureter. Indeed, many humiliat- 
ing errors in diagnosis have been averted 
by observing parallax when a diagnosis of 
ureteral calculus has seemed certain. 

No discussion of urologic roentgenology 
would be complete without some reference 
to excretory urography, which became a 
practical reality in 1929 when von Lichten- 
berg and Swick reported the successful 
use of uroselectan. The development of this 
compound comprises an interesting ex- 
ample of serendipity, for it was created by 
Professor Arthur Binz, who succeeded to 
Dr. Paul Ehrlich’s chair and inherited all 
his notebooks of experimental data. Binz 
carried on further studies with the benzol 
ring in the hope of improving upon salvar- 
san, but failed; so tried the pyridine ring. 
He and his co-worker Rath combined 
iodine with the pyridine ring and this 
compound, which they called “selectan- 
neutral” was tried experimentally for the 
intravenous treatment of infections. It was 
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not effective as an antibacterial agent but 
they found that the compound was partially 
excreted in the urine and might be utilized 
in outlining the urinary tract. This fortuj. 
tous discovery led the way to the deliberate 
creation of other compounds with greater 
iodine content which had lower toxicity, 
Thus Ehrlich’s successor, instead of orig. 
inating a new antisyphilitic drug, acci- 
dently became the father of excretory pye. 
lography. 

Today we have new and improved com. 
pounds that provide us with pyelograms 
that usually are equal in quality to retro. 
grade studies, and they have the advantage 
of revealing information regarding the 
dynamic function of the urinary tract that 
cannot be obtained when catheters are 
employed. 

Excretory pyelography continues to 
carry disagreeable complications in the na- 
ture of arm pain and nausea and vomiting, 
as well as allergic types of reaction. Fortu- 
nately, these reactions occur in only a small 
percentage of the cases and usually are of a 
mild nature, but occasionally a severe reac- 
tion occurs. Some terminate fatally. The 
occurrence of allergic reactions can be 
prevented in practically all instances by 
administering antihistamine drugs intra- 
venously just before the injection of the 
iodine compound. When the antihistamine 
is taken orally or is given intravenously 
along with the iodine compound, the pro- 
tection against allergic reactions is much 
less effective than when given intravenously 
several minutes before. 

My associates and I have utilized this 
technique in over 3,000 cases, giving 50 mg. 
of diphenhydramine hydrochloride (bene- 
dryl—Parke Davis) intravenously a few 
minutes before the injection of the uro- 
graphic medium by way of the same 
needle. Only 2 patients have had allergic 
reactions, very mild in nature. In_ this 
series no patients were rejected for excre- 
tory pyelography because of allergic his- 
tory. Indeed, 3 patients who previously had 
experienced the most severe type of allergic 


reaction with shock were subsequently 
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examined by intravenous administration of 
the same contrast medium but following 
antihistamine premedication, and none 
developed any reaction whatever. Two of 
these were examined on the urology service 
and one on the roentgenology service where 
a series of necessary arteriographic studies 
was carried out by Dr. Melvin Figley 
who reported the incident to the present 
speaker. 

Recently, investigations have been begun 
with a different antihistamine agent, pro- 
methazine hydrochloride (phenergan 
Wyeth) which is known to be a profound 
antiemetic and yet has virtually no soporific 
effect in the dosage that is employed (12.5 
mg. intravenously). This compound has 
been used for too short a time to provide 
data of any significance; however, there 
appears to have been a lessened incidence of 
nausea when this has been used and no 
allergic reactions. All of these data will 
eventually be reported when a large series 
of cases can be analyzed. 

It has not yet been determined whether 
the shock-like reactions that sometimes 
terminate in death are allergic in nature. 
Some authorities in the field of pharmacol- 
ogy believe that they are; others ascribe 
this type of reaction to other causes. The 
occurrence of this reaction is so rare that 
no observer has had an opportunity, or 
indeed the time, to study it; and it has not 
occurred in experimental animals. We do 
not know whether antihistamine pre- 
medication will prevent this type of reac- 


tion. Only a large scale employment of 


antihistamine premedication in an enor- 
mous number of cases will eventually an- 
swer this question. 

Many physicians who administer con- 
trast media utilize a variety of screening 
tests in the hope of avoiding reactions by a 
proper selection of their patients. Yet re- 
actions occur even when the tests are nega- 
tive—in fact some of the reported fatalities 
have occurred in test negative cases. Many 
men who employ these tests in the full 
knowledge of their unreliability do so to 
protect themselves legally against the 
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charge of carelessness in the event of 
disaster. It would seem more logical for all 
cautious minded physicians to use the 
simple procedure of antihistamine pre- 
medication which certainly will prevent 
nearly all allergic reactions and perhaps 
may prevent the more feared fatal or near 
fatal reaction. 

If the value of antihistamine premedica- 
tion were recognized by a large body of 
roentgenologists and urologists and em- 
ployed by them for one or two years, and if 
these individuals would report any reac- 
tions to their respective professional socie- 
ties, we would soon know if fatal or near 
fatal reactions could be prevented. It would 
seem that a humanitarian effort of this 
magnitude of importance might properly 
be promoted by your parent organization, 
as well as by mine. At least the suggestion 
could be offered to them for their considera- 
tion. 

The clinician has often wondered whether 
excretory pyelography can be used for the 
accurate and reliable determination of 
renal function. Diodrast clearance is one 
of our most accurate tests of renal tubular 
function, but can the roentgenogram serve 
usefully as a practical measure of kidney 
function? One of my associates, Dr. Marvin 
Woodruff, is presently conducting an 
investigation in this matter. He has com- 
pared the density of the pyelogram with 
renal function, as determined by the fifteen 
minute phenolsulfonphthalein the 
twenty-four hour creatinine clearance tests. 
Among 217 consecutive patients thus far 
studied who have had approximately nor- 
mal values for these tests of renal function, 
95 per cent had excretory pyelograms which 
exhibited a density on the five minute 
pyelogram which equalled or exceeded the 
density of the twelfth rib shadow. The 
latter criterion of density eliminates prob- 
lems of film interpretation when variations 
in exposure techniques cause roentgen 
shadows to be dimly visible. Dr. Woodruff 
has demonstrated in his studies (to be re- 
ported) that pyelograms of lesser density 
cannot be used for interpretation of renal 
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Fic. 1. Intermittent hydronephrosis. Pyelograms made (4) while patient was 
free from pain and (A) during an attack. 


function; a few of the normals, e.g., normals 
with over amounts of hydration, as well as 
all of the cases of impaired function, will 
fall into this group. But when the pyelo- 
grams have the required density, the renal 
function tests have invariably been within 
a range that approaches the normal. Al- 


though other more quantitative tests of 


renal function should be utilized in follow- 
ing the subtle changes which may occur in 
the course of a renal disease, it is to be 
stressed that no single test other than in- 
travenous pyelography can simultaneously 
afford an anatomic delineation as well as an 
index of adequate renal function. 
Hydronephrosis ordinarily provides no 
problems of diagnosis for the reason that 
dilatation of the renal pelvis and widening 
of the infundibula and calyces are easily 
recognized. But the clinician must remem- 
ber that persisting dilatation is a manifest 
evidence of continuing obstruction and 
that short term obstruction will produce 
only transient ballooning of the collecting 


system, which is made up ot resilient and 
elastic muscle. Intermittent hydronephro- 
sis (Fig. 1) is a clinical entity characterized 
by episodes of severe renal colic—Dietl’s 
crisis—often brought on by exercise while 
in the upright position or occurring while 
riding in the sitting posture. In some in- 
stances, the attack can be relieved if the 
sufferer lies down flat and elevates the hips 
or alters the position of the body in such 
a manner as to move the kidney into its 
normal position, thereby unkinking the 
obstructed ureter. Patients who suffer from 
these agonizing episodes of pain will some- 
times be found to have pyelograms that 
show persisting hydronephrosis, but im 
many the pyelograms will show normality 
for the reason that they are made after the 
attack is over when the obstruction has 
been relieved. In such cases the physician 
may have difficulty establishing a diagnosis 
even though he suspects the true nature of 
the trouble for there are many conditions 
other than acute hydronephrosis that give 
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rise to severe episodes of pain in the 
fank ur upper abdomen. Cholelithiasis, 
diverticulitis of the colon, abdominal 
aneurysm, spinal cord lesions, and coronary 
artery disease are a few that can be men- 
tioned. In these instances, the diagnosis of 
intermittent hydronephrosis can be estab- 
lished only if pyelograms are made during 
an attack, and this diagnosis can be ex- 
cluded only on the basis of normal pyelo- 
grams made during the attack. 

Arteriography has been widely em- 
ployed in urologic roentgenology since 
1929 when dos Santos asserted its practical 
usefulness in demonstrating the arterial 
supply of the kidneys. This Portuguese 
surgeon employed sodium iodide in carrying 
out the techniques which he described, and 
the toxicity of this compound prevented a 
widespread acceptance of the method until 
safer chemicals were later developed. 

There is an amusing anecdote that 
relates to the early development of this 
procedure which deserves recording if only 
toamuse the historians that follow our own 
generation. One of our peripatetic and in- 
quisitive urologists, Dr. Vincent O’Conor 
of Chicago, attended a Medical Congress in 
Europe shortly after arteriography had 
been first reported, so he visited the clinic 
of dos Santos in Lisbon and invited him to 
luncheon.O’Conor was anxious to determine 
just how safe aortography really was, so 
questioned his guest about the matter in 
terms that employed the usual parlance of 
ant!American but which were unfamiliar 
to the foreigner: “Do you use this procedure 
on private patients as well as on the service 
cases?” he asked. Dos Santos seemed not to 
understand just what was meant by the 
question, but finally was able to under- 
stand the real meaning of Dr. O’Conor’s 
inquiry. Then he laughingly replied “I do 
aortography only on Spaniards, not on 
Portuguese!” 

Today aortography is utilized by many 
urologists, not only in diagnosis but also in 
obtaining valuable information’ regarding 
the vascular supply of the kidney when 
operations for the salvage of hydronephrot- 
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ic kidneys are contemplated. Many sur- 
geons believe that the arteriogram provides 
information that determines whether a 
plastic procedure is apt to succeed or fail 
and also whether part of such a kidney 
should be removed or is apt to be useful. 

There is no doubt that most tumors of 
the kidney can be identified as such by 
arteriography and also that cysts of the 
kidney can in nearly every instance be 
differentiated from neoplasms. But every 
experienced observer knows of exceptions 
that raise a doubt; furthermore, there are 
cysts of the kidney that contain neoplasm. 
We encountered 2 of these within the period 
of one month a short time ago. One must 
conclude that arteriography is rarely an 
essential or determining test in the differ- 
entiation of tumor deformities observed by 
pyelography, so this procedure has in 
reality only a limited usefulness in this con- 
nection. 

Recently there has been an increasing use 
of renal arteriography in the study of hy- 
pertension, for some hypertensive patients 
are thereby demonstrated to have occlusive 
lesions of the renal artery that heretofore 
had rarely been seen or even suspected. The 
work done at The Cleveland Clinic in this 
connection has given rise to a great awaken- 
ing to the possibility of curing severe hyper- 
tension in a significant number of individ- 
uals who previously were doomed to die 
of the disease. Today many clinicians, 
previously fearful of the inherent dangers 
of renal arteriography, are employing the 
procedure in the investigation of acute 
severe hypertension, and occlusive arterial 
disease is being discovered in many of the 
cases. 

Two years ago Dr. C. Winter at the Uni- 
versity of California at Los Angeles Medical 
Center developed a test which employs 
radioactive I'*' tagged diodrast for deter- 
mining the vascular status of the kidneys. 
He injects 1 cc. of tagged diodrast intra- 
venously, then places scintillation counters 
over the two kidneys and obtains record- 
ings of the uptake in both areas simultane- 
ously. The test is devoid of reactions and 
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ic. 2. Renogram using radioactive I! tagged 
diodrast: (4) normal, (B) abnormal. 


produces no discomfort. It takes about 
five minutes to perform. Dr. Winter be- 
lieves that this test is highly accurate in 
demonstrating vascular impairment. We 
have utilized the test in a large variety of 
renal conditions for nearly two years and 
have found it to correlate perfectly in all 


Nesbit Ocroner, 
hypertensives where the arteriogram has 
demonstrated narrowing of the renal 
arteries. Our present practice is to employ 
the radioactive diodrast renogram in all 
hypertension patients who are studied by 
excretory urography. The test is performed 
the day after pyelography and the pyelo. 
gram attords an accurate guide in placing 
the counters. When the renogram reveals a 
vascular abnormality on one kidney only 
(Fig. 2), then arteriography is indicated, 
This screening program obviates the need 
for arteriography in all but the occasional 
hypertensive patient. 

The use of gas as a contrast medium in 
urology was first described in 1921 by 
Carelli and Sordella and by Rosenstein, but 
the method was not widely employed clin- 
ically until 1935, when Dr. George Cahill of 
New York reported the use of perirenal air 
insufflation to determine the presence of a 
suspected adrenal tumor. Following Ca- 
hill’s report, the method was _ generally 
accepted and used but soon there appeared 
reports of death from air emboli and 
pneumography rapidly lost favor. Oxygen 
was used instead of air by some investiga- 
tors who felt that the risk of emboli would 
be reduced, but oxygen too has been known 
to produce fatal emboli. Recently Ransom, 
Landes and McLelland collected data on 
58 deaths from pneumography by personal 
communications with all of the urologists 
in the United States and published a report. 
The number of fatalities that were revealed 
in this study was a shocking revelation and 
a reminder that physicians are prone not to 
make reports concerning sporadic acci- 
dental deaths. These authors not only 
emphasized the significant dangers of aif 
and oxygen retroperitoneal insufHation, but 
also suggested that carbon dioxide be used 
instead, since it is known that this gas can 
be injected intravenously without harm. 
Ransom, Landes and McLelland asserted 
no claim of priority in their recommenda- 
tion of carbon dioxide for they pointed out 
that the original report of Carelli advocated 
the safety of this medium. Carbon dioxide 
has now become the accepted contrast 
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medium for perirenal pneumography but it 
has the disadvantage of very rapid ab- 
sorption, so that large amounts of the gas 
must be used, and the roentgenograms 
must be made without delay if satisfactory 
contrasting gas shadows are to be ob- 
tained. 

Pediatric urology is another area in 
which roentgenology has played asignificant 
role in contributing to our knowledge of 
some of our most bafHing and frustrating 
problems. I refer particularly to the child 
who wets himself regularly after he should 
be toilet trained, or one who has suffered 
from recurrent urinary tract infections 
which have failed to resolve under all forms 
of medical treatment and who mysteriously 
develops dilatation of the ureters and kid- 
neys and eventually succumbs to renal 
failure. Urologists have wrestled with these 
problems in children and have not found 
the answer. One could list a long catalogue 
of theories that have been proposed to ex- 
plain the disorder and also enumerate a 
variety of operations that have been de- 
signed for its correction, and most of these 
have not revealed the cause or corrected the 
disturbance. 

However, recently developed roentgeno- 
logic techniques are providing information 
not previously known about the dynamics 
of the urinary tract in many of these cases; 
and bits of knowledge, gradually accumu- 
lated to be sure, but pieced together like a 
Jig-saw puzzle, seem now to point the way 
to an understanding of the problem. 

Dr. C. Montgomery Stewart of Los 
Angeles in 1953 observed that delayed 
cystograms and cystograms made during 
micturition will often reveal reflux not dem- 
onstrated by immediate cystograms in 
children who suffer from recurrent urinary 
tract infections. This technique has also 


demonstrated that significant dilatation of 


the ureter and renal pelvis observed on the 
delayed cystogram can occur in children 
whose excretory pyelograms are entirely 
normal (Fig. 3). Stewart was not the first 
Person to observe the phenomenon of 
ureteral reflux, nor was he the first to sug- 
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gest that reflux does not occur in a normal 
urinary tract, but his report served as a 
stimulus for a renewed interest in the sub- 
ject which has set off a chain reaction of ob- 
servations not previously made. 

We now know that the majority of chil- 
dren who display this phenomenon have 
been found to have some sort of obstructive 
lesion at the outlet of the bladder. In the 
majority of these cases, the obstruction is 
found to be a contraction ring made up of 
hyperplastic muscle at the bladder outlet. 
One female child in the University of Michi- 
gan series was found at operation to have 
a ring of muscle 2 cm. thick encircling the 
bladder outlet, similar to the condition 
found in pyloric stenosis. Congenital valves 
occurring in the urethra of boys are another 
cause of obstruction at the bladder outlet. 

These lesions are sometimes visible by 
endoscopic examination but in many cases 
the urologist is not able to see any lesion and 
must rely on corroborative evidence of ob- 
struction: trabeculation of the bladder and 
residual urine. These comprise manifest 
evidences of obstruction—but the thought- 
ful clinician cannot help from wondering 
whether obstruction may be present in cer- 
tain cases that are seen too early to reveal 
gross trabeculation or residual urine—yet 
suffer the complications of infection and 
ureteral reflux. 

My own belief that this can occur is 
somewhat substantiated by clinical experi- 
ence with cases exemplified by the follow- 
ing. An eleven year old girl had suffered 
from continuous urinary infection since the 
age of four. For seven years she had been 
on a variety of drugs constantly; for when- 
ever antibacterial agents were stopped she 
became septic and had bladder irritation 
of a severe nature and the urine became 
heavily infected with Escherichia coli. This 
child was found to have no residual urine 
and her bladder showed no trabeculation 
when observed by cystoscopy. But the ex- 
cretory pyelograms showed minimal hydro- 
nephrosis on the right side (Fig. 48) and 
the delayed cystogram demonstrated right 
ureteral reflux (Fig. 47). In an act of thera- 
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Fic. 3. (4) Immediate and (B) delayed cystogram, revealing ureteral reflux on 
delayed (30 min.) cystogram. 


peutic desperation, this girl was operated 
upon by the retropubic approach, and a 
palpable contraction ring at the bladder 
outlet was found. The obstruction was cor- 
rected by a simple procedure described by 
Dr. Bradford Young of San Francisco. A 
vertical incision through the constricted 
bladder neck was closed transversely so as 
to enlarge the outlet. After operation this 
child volunteered the information that she 
urinated more easily than  before—yet 
neither she nor her mother had previously 
recognized any impediment. Also, her infec- 
tion cleared up entirely without medication 
and has not recurred in four years since the 
operation. Likewise, the dilatation, as well 
as the reflux of the right ureter, disap- 
peared following operation (Fig. 4C). 
Early diagnosis of these cases is urgently 
important and efforts are being made in 
many clinics, both here and abroad, to 
develop criteria that will permit the recogni- 
tion to be made before permanent damage 


has occurred. Perhaps the most important 
work that is being done today is in Stock- 
holm, Sweden, and the recent monograph 
on the subject by Kjellberg, Ericsson and 
Rhude describes the techniques that they 
employ in making voiding urethrocysto- 
grams which reveal an amazing demonstra- 
tion of urethral valves and bladder neck 
obstructions that have never before been 
recorded on the roentgenogram. This work 
comprises the greatest step that yet has 
been made in our knowledge of the disorder 
in question. 

These authors as well as some of ouf 
American investigators have brought forth 
evidence that ureteral reflux may occur if 
children who have infection yet do not have 
obstruction at the bladder outlet. The 
phenomenon of reflux in unobstructed 
cases has been ascribed to infection, 
neurogenic abnormality as well as other 
less definite causes. No doubt the new 
roentgenologic techniques that are develop- 
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Fic. 4. (4) Reflux on delayed cystogram in a child with recurrent infection. (B) Excretory pyelogram shows 
minimal hydronephrosis on the right side. (C) Delayed cystogram following relief of bladder neck ob- 


struction: reflux has spontaneously cleared. 


ing may eventually enlarge our knowledge 
of ureterovesical dynamics in ways that 
will help to answer some of these unsolved 
problems. But we who employ these tools 
must reckon the cost in terms of gonadal 


roentgen injury and develop methods of 


protection for our pediatric patients. 

The importance of early recognition in 
obstructive cases is emphasized by a knowl- 
edge that the majority are seen late when 
great damage to the urinary tract has 
occurred; many hopelessly irreversible. A 


few examples may be cited that will point 
up certain facets of the problem: 

A five vear old boy was brought to our 
clinic in 1944 suffering from constant 
dribbling urine and repeated episodes of 
chills and fever. He had been sick since 
infancy. He was noted to have a distended 
bladder and blood analysis revealed him to 
be uremic. A catheter was introduced and a 
cystogram demonstrated reflux up both 
ureters and massive dilatation of both ure- 
ters and kidneys (Fig. 5). He had an atonic 
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Fic. 5. Cystograms of a five year old uremic boy showing massive hydronephrosis due to valves in urethra. 
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6. (4 and B) Pyelograms in same boy thirteen years later disclosed marked 


improvement and the cystogram revealed no reflux. 


bladder. He was put on suprapubic drain- 
age in the hope that he might survive for 
awhile. Three years later he had made 
significant clinical improvement and excre- 
tory pyelograms demonstrated a reduction 
in the hydronephrosis, but the ureters were 
still massively dilated. At this time a new 
resectoscope of extremely small size had 
been developed so an inspection of the 
bladder outlet was made and obstructing 
valves were found and excised. He did not 
void well because the bladder was still 
atonic so he was kept on constant supra- 
pubic drainage two more years. In 1949 he 
was able to urinate and empty the bladder 
but still had massive ureteral reflux so the 
suprapubic tube was left in as a safety 
measure and the boy and his parents were 
instructed in changing it themselves. They 
lived 250 miles from Ann Arbor. 

In 1957 the boy’s father telephoned to 
ask whether the tube could be removed. He 
said they hadn’t brought him in for eight 


years because he was getting along so well. 
It was a rewarding experience to see the 
eighteen year old high school senior: he 
was a leader in his school, played on most 
of the athletic teams, and was captain of 
one. He emptied his bladder completely; 
there was only minimal dilatation of the 
kidneys (Fig. 6) and his renal function was 
nearly normal. The suprapubic tube was 
removed and he has remained well and is 
free from infection. This is an example of 
one of the worst of the cases—one that 
has survived. There have been many who 
died. 

Last month a woman brought her four 
year old son in for examination. She 1s 4 
graduate nurse and lives in Ann Arbor and 
had heard the story of urinary obstruction 
in children and what to look for in its rec 
ognition. It is taught in the Well Baby 
Clinic. She said that her son urinated with 
an off center but forceful stream, and that 
the child appeared to strain to urinate 
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first thing in the morning but not the rest 
if the day. There were no other symptoms. 
[saw him urinate and found indeed that 
us stream did not go in the proper direc- 
tion; it was probably about 15 degrees to 
the right of center but it was a full and 
‘orceful stream. Excretory pyelograms were 
nade which demonstrated great dilatation 
f both ureters and renal pelves (Fig. 7.7). 
Cystoscopy revealed a residual urine of 
nly cc. and the bladder was grossly 
trabeculated. Cystograms demonstrated 
no reflux on either side. The absence of 
ureteral reflux in cases of severe bladder 
outlet obstruction is not uncommon, but 
why one case is spared this complication, 
while another develops it even very early, 
is one of the unexplained complexities of 
this condition. 

This boy was operated upon by the Brad- 
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Fic. 7. (4) Bladder outlet obstruction in a four year old boy. No residual urine was demonstrated but there 
was marked hydroureter and hydronephrosis. (B) Second pyelogram two weeks following relief of bladder 
outlet obstruction revealed significant improvement. 


ford Young technique, and two weeks later 
emptied his bladder completely with a 
straight and forceful stream, and does not 
strain to urinate at any time. Excretory 
pyelograms made at the time of discharge 
from the hospital disclosed a significant im- 
provement in the upper urinary tract dilata- 
tion (Fig. 78). This case is presented to 
demonstrate an example of severe disorder 
in a child who had a relative absence of 
symptoms, and it emphasizes the impor- 
tance of complete evaluation 
whenever any child displays evidence of 
abnormality in urinary function 
ter how insignificant. 

Our Well Baby Clinics teach mothers to 
observe the sucking and bowel functions 
of their newborn children: Let them also 
teach the mothers to observe the micturi- 
tional behavior of their babies. For the nor- 
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Kic. 8. The normal male child urinates with a high 


trajectory, forceful and continuous stream (Brus- 
sels statue). 


mal infant urinates with a copious high 
trajectory stream that is at once the source 
of curious pride to the mother and the secret 
envy of the father, and the child empties 
the bladder with an uninterrupted and 


continuous stream. The child who does no; 
void in this manner—-emulating the boy jy 
a famous Brussels statue (Fig. 8)—shouli 
have a urinary tract investigation. 

We must recognize and teach that smal 
children like senescent men often ar 
afficted by urinary obstructive disorders. 
yet the child is inarticulate and lacks ay 
understanding in these matters that hjs 
adult counterpart possesses. We must dis. 
cover them early in life and prevent jr. 
reparable damage. Most of the studies in 
these children take time and often require 
long periods of observation. They are best 
carried out in the hospital, vet the clinician 
often encounters a resistance to this prac. 
tice which is prompted by emotional or 
economic considerations. Hospitalization 
at the twilight of life has become an ac. 
cepted method of dealing with geriatric 
problems, but dollars spent on hospitaliza- 
tion at life’s sunrise will often yield results 
that are more satisfying and lasting. 

This has been a discussion of a few sig- 
nificant developments in urologic roent- 
genology that have evolved during the 
professional lifetime of a man who knew 
and was inspired by Dr. Preston Hickey. | 
am grateful to you for inviting me to share 
this occasion with you—for his memory is 
worthy of our respect and devotion. 

1313 E. Ann Street 
Ann Arbor, Michigan 
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NE of the most difficult problems in 

urology and radiology is the diagnosis 
f the causes of hematuria of renal origin. 
\mong these the lesions of the renal pa- 
illae and calyces constitute a most per- 
lexing group. The recent improvements in 
agnostic methods have practically elimi- 
ated all the diagnostic uncertainties of the 
soup of obscure cases of renal hematuria 
the so-called group of “essential” or 
idiopathic” hematuria of the past. 

The purpose of this paper is to present 
the pertinent roentgenographic features of 
the various lesions of the renal papillae and 
ff the major and minor calyces. These 
jsions are tabulated in the following 
classification. 


DISEASES OF THE RENAL PAPILLAE 
AND CALYCES 


I. Inflammatory hyperplastic lesions 
1. Nonspecific granuloma 
2. Specific granuloma 
}. Proliferative solitary polypoid hyperplas- 
tic granuloma 
. Pyelitis cystica; pyelitis granulosa 
. Localized hyperplastic cystic formation 
IT. Metaplastic lesions 
1. Foam cell granuloma 
IT. Nonspecific infections 
1. Pyelonephritis, acute, chronic and focal 
2. Hemorrhagic papillitis 
}. Necrotizing papillitis 


4 
5 


IV. Specific infections 
1. Tuberculosis; tuberculoma 
2. Syphilis; gumma 
Cystic lesions 
1. Serous cyst, superficial and deep 
2. Papillary cyst 
3. Pyelogenic cyst 
4. Calyceal diverticulum 
5. Hydrocalyx 


Urologist-in-Chief. 
Radiologist-in-Chief. 


4. Abscess of the kidney, solitary or multiple 


From the Departments of Urology and Radiology, Sinai Hospital of Baltimore, Inc., Baltimore, Maryland. 


PYELOGRAPHIC DIAGNOSIS OF LESIONS OF 
THE RENAL PAPILLAE AND CALYCES 
IN CASES OF HEMATURIA* 


By BENJAMIN S. ABESHOUSE, M.D.,+ avd JULIAN O. SALIK, M.D.+t 
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6. Multiple cysts of pyramids; ‘‘sponge”’ 
kidney 
Peripelvic cyst 
8. Echinococcus cyst 
g. Polycystic disease, unilateral and bilateral 
VI. Benign tumors 
1. Adenoma 
2. Lipoma; replacement lipomatosis 
3. Fibroma 
4. Hamartoma 
VII. Malignant tumors 
1. Tubular origin—adenocarcinoma, hyper- 
nephroma 
2. Epithelial origin—squamous cell carci- 
noma, papillary carcinoma of the pyelo- 
calyceal system 
VILL. Vascular tumors 
1. Benign—varix, angioma 
2. Malignant—hemangiosarcoma, etc. 
IX. Miscellaneous lesions 
1. Nonradiable calculi 
2. Crystalloid infarction or infiltration of 
the papillae 
3}. Renal infarction and embolism 
4. Leukoplakia 
s. Malacoplakia 


». Papillary infiltration by hemopoietic dis 


ease 


I 


Papillary involvement by metastatic tu- 
mors 

8. Endometriosis 

Actinomycosis 

10. Perirenal hematoma or abscess 


I. INFLAMMATORY HYPERPLASTIC LESIONS 

1. Nonspecific Granuloma. This is more 
often multiple than single and may involve 
any portion of the pelviocalyceal system as 
well as the cortex and medulla. It is most 
frequently observed in association with 
acute or chronic pyelonephritis, pyo- 
nephrosis, nephrolithiasis and abscesses 
of the renal parenchyma. The nonspecific 
granuloma is usually dark red in color and 
bleeds easily on simple manipulation or 
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1G. 1. (4) Solitary polypoid granuloma producing 
a filling defect in the upper major calyx. (Con- 
firmed by operation.) (B) “Foam cell” granuloma 
of the left kidney causing compression of all major 


calyces and obliteration of the terminal calyces of 
of 


the upper and lower major calyx. (Courtesy 
Dr. B. S. Talbot.) (C) Ureteritis and pyelitis cys- 


tica associated with chronic pyelonephritis. The 


compression and elongation of the infundibula of 


the upper and middle major calyces and of all the 
minor calyces are due to chronic pyelonephritis. 
The cystic lesions of the upper ureter and pelvis 


are manifested as negative shadows. (Courtesy of 


Department of Radiology, Johns Hopkins Hos- 
pital.) (D) Localized hyperplastic cystic lesion in 
the infundibulum of the lower major calyx which 
is indicated by an arrow. (Confirmed by opera- 
tion.) 


trauma. Excretory and retrograde pyelog- 


aphy may fail to reveal any abnormality 
or the changes are so slight that they 


are 


easily overlooked. 


W 


2. Specific Granuloma. This is associated 
ith tuberculosis and syphilis of the kidney 


and will be discussed later. 


plastic Granuloma. 


Proliferative Solitary Polypoid Hyper- 


rhis rare entity, pre- 


viously undescribed, has recently been re- 


Salik Ocroser, 
ported by one of the authors (B.S.A.), Th, 
polypoid tumor involved a single pyram; 
in the upper pole of the kidney (Fig, 14) 
The tumor projected into and occluded the 
lumen of a terminal calyx producing ; 
filling defect which simulated the appear. 
ance of a malignant tumor invading . 
terminal calyx. 

4. Pyelitis Cystica. In an_ occasion)! 
case of chronic pyelonephritis, the response 
to the chronic infection is a severe hyper. 
plasia of the mucosa and submucosa of a 
portion of the pelviocalyceal system. This 
may be manifested as a solitary cystic 
area within a calyx (Fig. 1B) or as diffuse 
small cystic changes (pyelitis  cystica) 
(Fig. 1C) which produce a_ notched or 
punched out alteration of the pyelographic 
outline of the pelvis and less frequently of 
calyces and ureter. 

. Localized Hyperplastic Cystic Form. 
dais. In rare instances, the hyperplastic 
process imparts the appearance of localized 
collections of granules or sand-like par- 
ticles in the pelviocalyceal system—the sv 
called pyelitis granularis or granulosa. This 
does not produce any appreciable alters. 
tion of pyelographic outline of the affected 
area. 


Il, METAPLASTIC LESIONS 

This type of lesion is extremely rare and 

is best exemplified by “foam cell’’ granv- 
loma (xanthogranuloma) of which only § 
cases are reported. The tumor usually 
appears as one or more yellowish nodules o! 
a buttery consistency varying in size from 
that of a cherry to that of a walnut and 1- 
volving one or more pyramids, and occi- 
sionally extends to or beyond the cortic- 
medullary line. The condition may le 
associated with chronic pyelonephritis, 
pyonephrosis and renal calculi. The pathe- 
logic changes are attributed to metaplasi 
of the fibroblasts of the medulla into foam 


cells. Some writers regard these changes 4 


the first stage of a lipoid granuloma or 0! 
fatty replacement; others consider the 
process to be an early stage of sclerosing 
lipogranulomatosis. The pyelographi 
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changes associated with foam cell granu- 
loma are not pathognomonic except when 
the process is confined to a pyramid and 
| produces a calyceal dilatation or filling de- 
fect in the outline of the terminal calyx 
which may be confused with tuberculosis 
of a pyramid or papillary carcinoma of the 
terminal calyx (Fig. 18). The correct diag- 
nosis is made by pathologic examination of 
the removed kidney. 


III. NONSPECIFIC INFECTIONS 

1. Pyelonephritis (acute, chronic, atrophic 
or focal varieties). Pyelonephritis is not only 
the most common nonspecific infection of 
the kidnev but also the most difficult to 
diagnose because of the manifold patho- 
logic lesions and the wide variety of uro- 
graphic changes produced by this disease 
which may be acute or chronic, unilateral or 
bilateral, and diffuse or localized. From a 
pathogenetic standpoint, the condition 
may be classified as ascending or descend- 
ing, but not infrequently the pathologic 
features of both types may be present 
in the same case. 

In the early stage of the ascending type, 
the pathologic changes are confined to the 
mucosal lining of the pelviocalyceal system 
and subsequently extend into the collecting 
tubules and interstitial tissue of the pyra- 
mids and finally extend into the adjacent 
parenchyma leading to fibrosis and scar- 
ring. A varying degree of contraction or 
dilatation of the pelvis and calyces is noted. 
The earliest urographic change is observed 
in the form of blunting or clubbing of 
calyceal cups with a minimal degree of 
pyelectasis (Fig. 28). The outline of the 
pelvis and calyces reveals some diffuse 
irregularity due to changes in the epithelial 
lining of these structures which is absent 
in the noninfected obstructive uropathies 
(Fig. 2.4). Later, widespread cicatrization 
occurs in the deeper layers of the pelvio- 
calyceal system with destructive and necrot- 
Ic lesions developing in the adjacent paren- 
chyma which produces bizarre deform- 
ities of the pelvis and calyces, varying from 
irregular constriction or dilatation to par- 
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tial or complete obliteration of one or more 
calyces (Fig. 2C). 

The descending type is characterized by 
an acute, diffuse infection of the cortex 
and the contiguous structures. The uro- 
graphic changes vary according to the 
severity and duration of the infection and 
seldom produce papillary or calyceal lesions 
except in the case of solitary abscess or 
carbuncle. 

The end stage of both—the ascending 
and descending type of acute pyelo- 
nephritis—is the atrophic or contracted 
kidney of chronic pyelonephritis. Since the 
initial infection is usually bilateral, the 
atrophic or contracted kidney may develop 
on each side with variable degrees of in- 
volvement. The important retrograde pye- 
lographic changes (Fig. 2C) associated with 
chronic pyelonephritis include (a) pye- 
lectasis, (b) medial displacement of the 
pelvis, (c) caliectasis, (d) cicatricial 
formities of the calcyes, and (e) ureterecta- 
Delayed visualization of the pyelo- 
calyceal system is an important finding in 
the excretory urograms. 

Chronic focal pyelonephritis is the term 
employed by some authors to designate a 
localized type of chronic pyelonephritis in 
which the disease process is confined to one 
calyx and its adjacent papilla. The patho- 
logic lesions associated with this type of 
infection may be manifested as one or more 
of the following lesions: (a) localized ulcera- 
tive or metaplastic lesions in the calyceal 
mucosa, (b) scarring in the submucosal 
layer producing calyceal deformities, (c) 
localized inflammatory, suppurative or de- 
structive changes in a papilla appearing as 
an ulcerative necrotizing or hemorrhagic 
papillitis with or without extension into the 
corticomedullary and cortical zones, (d) 
localized cicatricial changes, and (e) abscess 
in the cortical and medullary areas with or 
without cavity formation. Many of these 
lesions are accompanied by re- 
current and uncontrollable hematuria. The 
urographic changes considerable 
variation, from no demonstrable abnor- 
mality to a decided narrowing of the in- 
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Fic. 2. (4) Acute suppurative pyelonephritis. The arrows point to obliterative changes in the outline of the 
terminal calyces caused by severe destructive lesions in the papillae. (Confirmed by operation.) (B) Partial 
obliteration of one of the terminal calyces of the lower major calyx caused by a focal type of acute pyelo- 
nephritis limited to one papilla. (Confirmed by operation.) (C) Chronic pyelonephritis with cystic changes 
in the cortical area. Note the bizarre contraction and distortion changes of all the major and minor calyces 
and the marked contraction of the pelvis. The displacement of the ureter is due to chronic inflammatory 
changes in the peripelvic and periureteral adipose tissue. (Confirmed by operation.) (D) Necrotizing papil- 
litis associated with severe acute staphylococcal pyelonephritis involving the upper and lower minor 
calyces as indicated by arrows. (Confirmed by operation.) (E:) Necrotizing papillitis associated with 
severe diabetes. The fuzzy outline of one of the papillae of the middle calyx is due to a diffuse infection 
of the papilla as indicated by arrow A. The marked alteration of the outline of the papilla of the lower 
major calyx is due to abscess formation and sloughing of the papilla. (Confirmed by operation.) (£2) Same 
case. Pneumopyelogram showing outline of changes in calyces produced by necrotizing papillitis. 
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(F) Bilateral chronic pyelonephritis with 
marked cystic changes in the cortical area. (Con- 
firmed by autopsy.) (G) Chronic interstitial ne- 
phritis with marked contraction changes in the in- 
fundibula and terminal calyces. (Confirmed by au- 
topsy.) 
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fundibulum atonic dilatation of the 
terminal calyx when necrotizing or cicatri- 
cial changes have developed in the walls of 
the calyces. When the disease has produced 
serious changes in the architecture of a pa- 
pilla (Fig. 2D), one or more of the following 
urographic changes may be observed, 27z., 
(a) filling defect, (b) fuzziness of the out- 
line of the terminal calyx, and (c) pressure 
defect or cavity formation (Fig. 27’). Many 
of these cases have been reported as focal, 
hemorrhagic, or necrotizing papillitis, soli- 
tary abscess or carbuncle. It is our opinion 
that the chronic focal type of pyelo- 
nephritis is much more commonly encoun- 
tered than the reports indicate. 

Harlan recently reported 2 cases of 
chronic focal pyelonephritis accompanied 
by severe uncontrollable hemorrhage with 
positive urographic changes and requiring 
nephrectomy. The first case presented an 
regular cyst-like dilatation in a solitary 
pyramid of the upper pole which was lined 
by glistening, hyperemic, fibrotic tissue and 
produced a filling defect in the outline of the 
terminal portion of the superior calyx in the 


or 
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retrograde pyelogram which was incorrectly 
diagnosed as a renal neoplasm. The second 
case presented a small submucosal hemor- 
rhagic area (2 mm. in diameter) in the 
proximal portion of the superior middle 
calyx with a small blood clot attached. The 
hematuria in each instance resulted from 
the rupture of small capillaries in and 
around a pyramid. 

2. Hemorrhagic Papillitis. This entity is 
responsible for severe intractable hema- 
turia accompanied by little or no pain and 
a significant absence of positive urographic 
changes. In the past these cases were 
designated as “essential” or “idiopathic” 
hematuria until the correct diagnosis was 
established by careful pathologic study of 
the removed kidney. Nation has described 
the following histologic changes in one or 
more papillae, v7z., (a) hyperplasia and 
thickening of the mucosa of the minor 
calyces and pelvis, (b) small hemorrhages 
in the subepithelial tissues in the same area, 
(c) diffuse edema and leukocytic infiltration 
of the submucosal layer, (d) dilatation of 
the capillaries and venules in the same area, 
(e) hemorrhagic infiltration of the glomeruli 
and tubules, (f) deposition of small amount 
of blood pigments in the tubular elements, 
and (g) scarring in the cortical medullary 
zones. There is as yet no unanimity of 
opinion concerning the etiology and patho- 
genesis of hemorrhagic papillitis. 

Urographic studies usually fail to reveal 
any abnormalities in the outline of the 
pelvis and calyces. However, Corbett re- 
ported a fuzzy irregularity in the outline 
of the superior calyx in one case and Na- 
tion observed a slight caliectasis, pyelecta- 
sis and marked irregularity in the outline of 
the ureter in one case. 

3. Necrotizing Papillitis. This lesion was 
originally described by Frederich (1877) 
and has been variously called necrosis of 
the papillae or pyramids, papillitis necro- 
ticans, medullary necrosis, diphtheria of the 
pyramids, etc. It actually represents an 
unusual form of acute pyelonephritis oc- 
curring most frequently in diabetic in- 
dividuals over forty years of age and less 
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commonly in nondiabetic patients sufter- 
ing from some form of urinary obstruction 
complicated by an acute pyelonephritis. In 
diabetic patients, the condition is observed 
more frequently in females than males (2:1) 
but the reverse is true in nondiabetics 
(6:1). The condition is usually bilateral in 
females and unilateral in males. The clinical 
course is either acute or subacute. 

The necrotic process involves all the 
papillae of the affected kidney and extent 
of necrosis varies with the severity and 
duration of the infection. In the early 
stages the lesion may appear as small ab- 
scesses confined to the tip of the papilla or 
situated in the central portion of the 
pyramid closer to the corticomedullary 
zone. Subsequently, the abscesses coalesce 
and cause complete necrosis of the papilla 
or pyramid. In the late stages, sequestra- 
tion of the necrotic papillae may occur with 
sloughing out of the necrotic material. 

Retrograde pyelography is of inestimable 
aid in establishing the correct diagnosis. 
The urographic changes (Fig. 2, Ei and Es) 
vary with the intensity of necrotic process 
and include (a) a deformity of the calyceal 
cup as in acute pyelonephritis, (b) ir- 
regular changes due to necrosis within the 
pyramid and extending to the cortico- 
medullary zone with constriction of the in- 
fundibulum of the calyx, (c) ring shaped 
shadows in the necrotic papillae, (d) re- 
placement of the concavity of the calyceal 
tip by blunting, rounding or dilatation of 
the calyceal cup, (e) cavity formation with- 
in the pyramid when the necrotic papilla 
sloughs away and is expelled and (f) dilata- 
tion of the pelvis or calyx due to obstruc- 
tion by the sloughed papilla. 

4. Large Solitary Abscess of the Kidney. 
This is a relatively uncommon condition 
characterized by a solitary abscess situated 
entirely within the renal parenchyma and 
not communicating either with the pelvio- 
calyceal system or the perinephritic tissues. 
The etiology is an antecedent infection in 
the skin, teeth, tonsils, etc., with secondary 
hematogenous coccal emboli in the small 
terminal arteries of the kidney. 
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Important diagnostic aids are the pyelo. 
graphic changes resulting from pressure of 
the abscess on the pyelocalyceal system, 
These changes include compression of the 
pelvis, separation of the calyces, and com. 
pression, distortion or displacement of 4 
single calyx (Fig. 15, C). The first two de. 
formities are particularly conspicuous when 
the abscess is centrally located and the 
latter change is most frequently noted 
when the abscess is located at either pole. 
The outline of the papilla or terminal 
calyceal cup is seldom altered or distorted 
in this condition unless the abscess com- 
presses a calyx and prevents complete filling 
of calyx with the contrast medium. In such 
cases, the abscess may produce a crescentic 
deformity of the terminal calyx simulating 
a tumor or cyst or a filling defect suggestive 
of a tuberculous papillitis, hemorrhagic 
papillitis, blood clot or epithelial tumor. 
In rare cases, the solitary abscess may 
erode into and communicate with the 
pyelocalyceal system and the excretory or 
retrograde urogram will show an irregular- 
ity in the outline of the papilla and calyceal 
cup with irregular cavity formation which 
may simulate tuberculous cavity formation. 


IV. SPECIFIC INFECTIONS 

1. Tuberculosis. Renal tuberculosis pre- 
sents many different clinical and_patho- 
logic aspects which may be attributed in 
part to the different degrees of virulence of 
the tubercle bacillus and in part to the 
different degrees of resistance and tissue 
reaction of the host. The pathologic 
changes of chronic surgical types of renal 
tuberculosis may be classified, viz., caseo- 
cavernous, nodular, fibrotic and nonspecific. 

In the caseocavernous type, the initial 
lesion may be found at the tip of the 
pyramid as an isolated minute yellowish 
tubercle surrounded by a small deep red 
inflammatory zone in the papillary epithe- 
lium. The lesion increases, by tuberculous 
granulation process, to pea size and spreads 
in the form of larger reddish brown plaques 
with scattered yellowish tubercles. Ulcer 
formation soon ensues as a result ol 
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Fic. 3. (4) Early tuberculous lesions indicated by arrows and demonstrating fuzzy outline of the lower calyx 
and slight abscess formation in the upper calyx. (Confirmed by operation; no chemotherapy.) (B) Caseous 
lesions of the papillae indicated by arrows. (Confirmed by operation; no chemotherapy.) 


necrosis, and the process invades the deeper 
layers of the epithelial lining and the pa- 
pilla proper. In some cases the initial lesion 
appears to develop in the depths of the 
parenchyma, 7.¢., at the base of the pyr- 
amid or in the cortex and undergoes con- 
siderable caseation before reaching the tip 
of the pyramid. 

The urographic changes associated with 
the caseocavernous type include (a) ab- 
sence or delayed visualization in excretory 
urograms, (b) calyceal or papillary necrosis, 
(c) cavity formation, (d) calyceal detormi- 
ties, (e) caliectasis, (f) pyelectasis, (g) 
changes in outline and course of ureter, (h) 
calcification in the cortical or medullary 
areas, and (1) occlusive changes at the ure- 
tero-pelvic junction. 


When the papillary tip or epithelium of 


terminal calyx is the site of the initial lesion 
the earliest pyelographic change will be 
manifested as a slight erosion of the out- 
line of the tip of the papilla or calyceal cup 
as a result of ulcerative and_ necrotic 
changes in this area (Fig. 3.4). Occasionally, 
one observes a minor degree of dilatation 
of the terminal calyx in these early cases. 


As the necrotic process spreads to deeper 
medullary zones with abscess formation, 
more distinct pyelographic changes are 
noted, i.e., marked irregularity or moth- 
eaten appearance of the terminal calyx and 
cup, increased caliectasis, and distortions in 
the outline of the pyelocalyceal system 
(Fig. 3B). The extension of the tuberculous 
process to the deeper layers of the pyelo- 
calyceal epithelium may result in cicatriza- 
tion and stricture formation, particularly in 
the infundibular area of the calyces, and 
present a pinching-off defect. 

The early erosive changes occurring at 
the tip of the papilla create the most 
difficult problems in differential diagnosis. 
They may simulate or be easily confused 
with necrotizing papillitis, pyelovenous 
and pyelo-interstitial backflow, hemangiom- 
atous tumors of the calyx or pyramid, 
papillary carcinoma of the calyx or pyr- 
mid, etc. 

The nodular type is an uncommon find- 
ing and its pyelographic changes are ex- 
tremely difficult to interpret. 

The fibrotic type of renal tuberculosis is 
rare and is distinguished pathologically 
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from the nodular type by the absence or 
scarcity of tubercles. When the fibrotic 
changes are diffuse, they may lead to a 
contracted kidney, and when they are 
localized to one pole, the fibrotic area may 
attain considerable size. The rare type of 
tuberculoma reported by Bugbee and 
Benjamin belongs in the latter category 
and the pyelographic deformity of the 
terminal calyx and/or the pelvis associated 
with this type of lesion is more comparable 
to that produced by a renal tumor or cyst 
than by an infection. The diffuse fibrotic 
type of renal tuberculosis is always difficult 
to diagnose due to absence of tubercle 
bacilli in the urine, the bizarre pyelo- 
graphic changes, and the absence of char- 
acteristic histologic changes in the removed 
kidney. 

The diagnosis of renal tuberculosis should 
never be made solely on the basis of pyelo- 
graphic changes in the outline of the pyelo- 
calyceal system. The latter changes must be 
regarded only as presumptive evidence 
which must be substantiated by other 
clinical and laboratory data. 

2. Syphilis. The paucity of reports of 
syphilis of the kidney in the past fifty years 
is a testimony of the efficacy of the early 
antileutic therapy with arsenicals_ or 
bismuth and the more recent therapy with 
the antibiotics. There are two main types of 
syphilitic infection of the kidney: syphilitic 
nephritis and gumma. 

In the early stages of syphilitic nephritis, 
no pyelographic changes can be expected, 
but in the late stages with secondary 
atrophy, the pyelographic changes may be 
those of a diffusely contracted kidney. 
Gumma is regarded to be more common 
than syphilitic infection but is equally 
dificult to diagnose chiefly because the 
clinical symptoms (pain and gross hema- 
turia), and the pyelographic findings are 
easily confused with a renal neoplasm. 


V. CYSTIC LESIONS 
1. Serous Cyst. Serous cyst may be 
classified as (a) superficial or (b) deep. The 


superficial type presumably originates in 
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the outer portion of the kidney (cortex or 
corticomedullary zone) and may attain 
large proportion, producing compression 
changes in the adjacent calyces and pelvis 
(Fig. 4, 4 and B). The deep cyst may 
produce symptoms and pyelographic de- 
formities which are easily confused with 
other papillary or calyceal lesions. The 
degree of calyceal or pelvic deformity 
produced by a deep cyst is directly related 
to its size and position. A moderate or large 
deep cyst usually produces compression 
changes limited to one calyx and may give 
the impression of the terminal portion of 
the calyx (7.e., minor calyx) being stretched 
over a spherical body. When the deep cyst 
originates in the central portion of the 
kidney and increases in size, the compres- 
sion and distortion changes involve more 
than one major calyx, and in extreme cases 
such a cyst appears to bisect the kidney in 
such a manner that the two poles of the 
kidney point inwardly toward the vertebra 
(Fig. 4C). The latter type also produces 
deformities in the outline of the pelvis as 
well as in the calyces. Calcification in the 
walls of the cyst are occasionally observed 
(Fig. 7, 4: and 42). 

2. Papillary Cyst. This type was re- 
garded by early writers as a “retention” 
cyst due to tubular occlusion by an in- 
flammatory process but in reality must be 
considered as a small serous cyst of the 
deep intrarenal type. 

3. Pyelogenic Cyst. This type, which was 
first described by Damm (1932), is also 
designated as a pyelogenous or peripelvic 
cyst. It is a small cyst (2 to 4 cm. in diam- 
eter) originating in the medullary portion 
of the parenchyma adjacent to and com- 
municating with the pelvis or a major 
calyx by a narrow or pinpoint channel. 
This communicating channel is not always 
discernible on inspection but can be clearly 
demonstrated by excretory or retrograde 
pyelography. In rare instances, the opening 
between the cyst and the pyelocalyceal 
system may be obliterated by a chronic 
inflammatory process. This type of cyst 1s 
usually found at one of the poles and occa- 
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Fic. 4. (4) Solitary cyst of the superficial type involving one papilla in the upper pole. (Confirmed by partial 


nephrectomy.) 


(B) Solitary cyst of the superficial type involving one papilla and producing compression 


and distortion of the infundibulum and dilatation of the terminal calyx. (Confirmed by partial nephrec- 


tomy.) (C’) 


Solitary cyst of the deep central type causing bisection of the kidney with compression and 


elongation of all major calyces. (Confirmed by operation.) 


sionally may contain stones (Fig. 5C). The 
pyelographic detect produced ina calyx by 
this type of cyst is quite similar to that 
produced by a small deep intrarenal cyst. 
The cyst is usually asymptomatic, and its 
presence is detected during routine uro- 
graphic study for other conditions. 

4. Calyceal Diverticulum. This condition 
was first described by Prather (1941) as a 
small dilated cavity (about 2 to 3 cm. in 
diameter) which is always situated distal 
to the terminal or minor division of a 
calyx and is connected to this calyx by a 
narrow channel (2 to 6 mm. long and 1 to 2 
mm. wide). The diverticulum can be clearly 
demonstrated by excretory or retrograde 
pyelography. The affected calyx fails to 
reveal any obstruction in the infundibular 
portion or at the tip of the affected papilla 
(Fig. 5B). The lesion may be congenital or 
acquired and is usually asymptomatic. Al- 
though ‘both the calyceal diverticulum and 
pyelogenic cyst are lined by transitional 
epithelium, the former is distinguished by 
its location at the tip of a minor calyx 


and its characteristic communicating chan- 
nel. 

Hydrocalyx. This condition is essen- 
tially the dilatation of a single calyx and is 
easily confused with other lesions of the 
calyces and papillae. This type of cystic 
dilatation is always of acquired origin and 
the primary etiologic factors are (a) stric- 
ture or stenosis of the infundibular portion 
of the calyx by a chronic inflammatory 
process, (b) dysfunction or achalasia of the 
pyelocalyceal emptying mechanism and (c) 
calculi originating in the papilla or terminal 
calyx and often designated as encysted, 
cortical or parenchymal. They vary in size 
from 2 to 6 cm. in diameter and occasion- 
ally obtain a diameter of 10 cm. The over- 
lying cortex is preserved in the early stages 
as the cavity increases in size; the paren- 
chymal tissue surrounding the cavity be- 
comes thin and even redundant in some 
cases. In an occasional case the natural 
communication between the calyceal cavity 
and the pelvis may become completely 
obliterated and it might be mistaken for a 
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ic. 5. (4) Peripelvic cyst of lymphatic origin producing displacement of the pelvis and compression changes 
in the pelvis and lower major calyx due to intrarenal extension of the cyst. (Confirmed by operation.) 
(B) Calyceal diverticulum attached to a minor calyx of the upper pole of the kidney. (Confirmed by opera- 
tion.) (C) Pyelogenic cyst of the middle major calyx. Note the fine communicating channel connecting the 
cyst to the calyx as indicated by arrow. (Confirmed by operation.) 


deep intrarenal or pyelogenic cyst (Fig. 13, 
B, and B,). Hydrocalyx is usually accom- 
panied by a dull or sharp pain in the kidney 
area, pyuria and a varying degree of hema- 
turia. 

6. Multiple Small Cysts of the Pyramids. 
This clinical and pathologic entity was 
first described by Cocchi and Ricca (1949) 
as a “sponge kidney” and independently by 
Vermooten (1950) as “congenital idiopathic 
dilatation of the collecting tubules.’’ The 
distinguishing feature is the presence of 
multiple, small cavities in all of the pyr- 
amids of one or both kidneys which im- 
parts a porous appearance to the aftected 
kidney. The outstanding clinical features 
are pain of a colicky nature, fever, pyuria 
and hematuria. The pyelographic changes 
are permanent and persist over years with 
relatively little increase in size (Fig. 6, 4, 
B and C). The chief findings are compres- 
sion or distortion of the terminal portion of 
the calyces produced by small medullary 
cysts. In addition, clumps of small opaque 
grape-like shadows are seen when the 
cysts contain calculi. This latter condition 


is often regarded as a form of nephro- 
calcinosis. 

7. Peripelvic Cyst. This type of cyst is 
usually found adjacent to and extending 
along the renal pelvis into the renal paren- 
chyma and produces an alteration in the 
outline of the pelvis and one or more 
calyces (Fig. 5). It is presumably due to 
an obstruction to the lymphatics draining 
the pelvis and calyces. 

8. Echinococcus Cyst. This type of cyst 1s 
rarely observed in this country. It is al 
ways associated with echinococcal disease 
elsewhere in the body. The pathologic 
lesion consists of a large mass occupying 
one of the poles of the kidney composed of 
multiple daughter cysts. The cystic mass 
compresses and destroys the adjacent 
parenchyma. The pyelographic findings 
vary with the size of the cystic mass and 
usually reveal compression changes in one 
or more calyces and distortion of the pelvis 
(Fig. 7B). 

g. Polycystic Disease. This congenital 
cystic disease is usually bilateral (Fig. 7C) 
and, only in rare instances, unilateral 
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| Fic. 6. (4) Bilateral multiple calculi in “‘sporge kidneys” in a case of renal rickets. (Confirmed by autopsy.) 


(Confirmed by removal of left kidney.) 


Fig. 7D). The characteristic pyelographic 
changes are (a) “spider leg” elongation of 
all major calyces, (b) compression, elonga- 
tion, distortion or dilatation of the minor 
calyces, (c) compression, distortion, elonga- 
tion or dilatation of the pelvis, (d) right 
angulation of ureter at ureteropelvic junc- 
tion, and (e) downward displacement of 
entire kidney by cystic mass. 


VI. BENIGN TUMORS 


1. Adenoma. Small adenomas situated in 
the cortical zone are asymptomatic and 
produce no pyelographic defect. The large 
adenomas are occasionally situated at one 
pole of the kidney and may produce pyelo- 
graphic changes that may be difficult to 
distinguish from those caused by a malig- 
nant neoplasm or by a deep intrarenal cyst 
compressing one calyx (Fig. 84). In rare 
instances, calcification may be present with- 
in the adenoma (Fig. 8, B and C). 

2. Lipoma in and about the Kidney. 


The calculi appear in each papilla resembling a cluster of “‘grapes.’’ The arrow A indicates a cluster of 
stones in the lower end of the left ureter. (B) “Sponge kidney” with minute calculi occupying the cystic 
lesions of all papillae of both kidneys. (Courtesy of Department of Radiology, Johns Hopkins Hospital.) 
(C) “Sponge kidney” with minute calculi occupying the cystic lesions of the papillae of both kidneys. 


Intrarenal and extrarenal fatty tumors are 
rare entities which are seldom diagnosed 
preoperatively. They may be classified, 
viz., (a) perirenal lipoma, (b) intrarenal 
lipoma, and (c) replacement lipomatosis. 
Perirenal lipoma originates in the peri- 
renal fat and does not produce any change 
in the outline of the pyelocalyceal system 
but causes a displacement of the kidney on 
its longitudinal or transverse axis. 

Intrarenal lipoma apparently originates 
from embryonic connective tissue surround- 
ing the tubules and pyelocalyceal system 
and consequently, may encroach upon any 
portion of the pyelocalyceal system but is 
more prone to impinge upon the pelvis or a 
terminal calyx. This tumor produces a 
sharp punched out filling defect in the 
affected portion of the pyelocalyceal sys- 
tem (Fig. 8D). 

Replacement lipomatosis is not a true 
tumor but an intrarenal accumulation of fat 
in a loose fibrous stroma outside the pyelo- 
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hic. 7. (4;) Area of calcification in the upper pole of the left kidney. (42) Same case after retrograde pyelog- 
raphy showing the calcification to be in a cyst of the upper pole which has compressed and distorted the 
terminal portion of the upper major calyx. (Confirmed by operation: Courtesy of Department of Radi- 
ology, Johns Hopkins Hospital.) (B) Echinococcus cyst of the lower pole of the right kidney causing dis 
placement and compression of the upper two major calyces, pelvis and ureter. (Confirmed by operation; 
courtesy of Dr. Wm. Baurys.) (C) Bilateral congenital polycystic disease. Note the typical ‘spider leg’ 
deformity of all major and minor calyces of the right kidney and the right angulation of the left ureter at 
the ureteropelvic junction. The pyelographic changes in all terminal calyces produced by the diffuse cystit 
disease are characteristic. (Confirmed by operation.) (D) Unilateral congenital polycystic disease of the 
left kidney showing right angulation of the ureter at the ureteropelvic junction, medial displacement 0! 
the kidney, and dilatation and compression of all calyces due to cystic lesions. (Confirmed by operation and 
by repeated pyelographic studies over a fifteen year period.) 
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Fic. 8. (4) Adenoma involving the upper pole of the right kidney with marked compression and obliteration 


of the upper calyx. (Confirmed by operation: 
Hospital.) 


the right kidney. (C) 


Courtesy of Department of Radiology, 
(B) Plain roentgenogram showing a round calcified shadow in the region of the lower pole of 
Same case, showing calcified shadow adjacent or adherent to one of the terminal 


Johns Hopkins 


calyces of the lower pole. At operation a calcified adenoma was found. (D) Intrarenal lipoma producing a 


marked notching of the outline of the pelvis. (Confirmed by operation.) (£) 


Leukoplakia of the upper 


major calyx with obliteration of the outline of the papilla. (Confirmed by operation.) 


calyceal system. It is usually unilateral 
and appears to replace the renal paren- 
chyma destroyed by an inflammatory, 
atrophic, vascular, or necrotic process 
which serves as a precursor of the fat re- 
placement. Renal calculi and chronic pyelo- 
nephritis are present in about 80 per cent 
of the cases. In the majority of cases, the 
fat replacement appears to encroach upon 
the pelvis and/or the calyces without 
actually invading those structures. In about 
60 per cent of the reported cases in which 
pyelography was performed, definite de- 
fects and deformities were observed in the 
pyelocalyceal system as evidenced by 
either distortion, displacement, compres- 
sion and partial obliteration of the pelvis 
or one or more calyces (Fig. 158). 

3. Fibroma. This uncommon tumor is re- 
garded by many pathologists as a hamar- 
toma. It is most frequently found to be 
subcapsular in position but occasionally 
is adjacent to or projecting within the 
pelvis or calyces. Immergut and Cattler re- 
ported a pedunculated intrapelvic fibroma 
causing hematuria and producing a mottled 
dilated pelvis with a filling defect in the 
pyelocalyceal system. 

4. Hamartoma. This is also a rare tumor 


of the renal parenchyma composed of 


mixed tissue elements, i.e., smooth muscle, 
connective tissue and fat. It apparently 


anlagen, 7.e., fetal 
nests of cloacal tissue, but is not a true 
teratoma. Some writers believe there is a 
relationship between this tumor and tuber- 
ous This tumor produces no 
clinical symptoms or pyelographic changes 
unless it attains a large size as in Rusche’s 
case when it is indistinguishable from a 
large benign or malignant tumor (Fig. 


8C). 


arises from aberrant 


sclerosis. 


VII. MALIGNANT TUMORS 


Adenocarcinoma. Malignant 
ie isms origini iting in the parenchy ma of 
the kidney must be considered in the dif- 
ferential diagnosis of papillary and calyceal 
lesions because, as these tumors increase in 


neo- 


SIZe, they assume various configurations 
and produce bizarre pyelographic de- 


formities. Small neoplasms may be so sit- 
uated that they do not encroach upon nor 
distort the pyelocalyceal system. Large neo- 
plasms produce a wide variety of pyelo- 
graphic changes, no one of which is ab- 
solutely typical or pathognomonic. The 
most common changes involving the calyces 
are (a) elongation and compression of one or 
more (Fig. 94), (b) abnormal 
changes in the outline of the terminal por- 
tion of the minor calyces (Fig. 98), and 
(c) partial or complete obliteration of one 
or more (Fig. gC). 
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1G. g. (4) Small hypernephroma of the upper pole of the right kidney producing distortion and elongation 
of the minor calyx. (Confirmed by operation.) (B) More advanced hypernephroma of the lower pole of the 
left kidney showing incomplete filling and compression, elongation and distortion of the lower major calyx, 
(Confirmed by operation.) (C) Advanced hypernephroma of the right kidney showing marked elongation, 
compression and partial obliteration of the upper calyx. (Confirmed by operation.) (D) Large hyperne- 
phroma completely obliterating the upper major calyx. (Confirmed by operation.) (#) Hypernephroma of 
the upper pole of the left kidney with finger-like projection into the pelvis indicated by arrow. (Confirmed 


by operation.) 


As the tumor continues to grow, the 
architecture of the affected calyx and its 
adjacent pyramid becomes grossly  dis- 
torted. The calyceal cupping surrounding 
the tip of the pyramid may appear blunted, 
narrowed, tapered, bulbous, or partially or 
completely obliterated. In some instances, 
the terminal portion of the calyx is poorly 
visualized or impossible to fill by retrograde 
pyelography (Fig. gD) because of compres- 
sion of the calyx by the tumor but can be 


demonstrated by excretory pyelography or 
vice versa. 

In an occasional case, a portion of the 
tumor may extend as a finger or knob-like 
projection into one of the calyces or into 
the pelvis (Fig. 9%) and produce a filling 
defect not unlike that caused by a polypoid 
or foam cell granuloma, an epithelial or 
vascular tumor of the terminal calyx, a 
blood clot, or a nonradiable calculus. How- 
ever, in the former type, the presence of 


Nic. 9. (F\) September, 1925. Hypernephromatous metastasis to the upper pole of the right kidney nine 
months following removal of hypernephroma of the left kidney. (F2) April, 1931. Progressive destruction 
of the upper pole of the right kidney six years after removal of the left kidney. (F3) April, 1934. Progressive 
changes in the upper major calyx nine years after removal of the left kidney. (Confirmed by autopsy.) 
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other pyelographic changes, 7.e., deform- 
ities in the pelvis and calyces, alterations in 
the kidney outline, displacement of the 
kidney, ete., are of great value in establish- 
ing the correct diagnosis, but in rare in- 
stances, the latter changes may be absent 
| or dificult to discover. 

2, Epithelial Neoplasms of the Pyelo- 
calyceal System. Primary epithelial tumors 
may occur in any portion of the pyelo- 
calyceal system and originate in the transi- 
tional epithelium. They are essentially of 
two types, (a) papillary, 7.e., papilloma, 
papillary carcinoma, and (b) nonpapillary 
or solid, z.e., epithelioma. They vary in 
size from a minute tumor producing no 
clinical and pyelographic changes to an 
extensive tumor filling the entire pelvis, 


| calyces, ureter and even penetrating the 


parenchyma. 

The pyelographic changes depend upon 
the size, type and location of the growth. 
The most striking pyelographic finding is 
the presence of a filling defect in the pelvis 
resulting from displacement or obstruction 
of the injected contrast medium (Fig. 10/4). 
This defect may be clearly defined when the 
tumor is of the solid type (Fig. 10D) or it 
may appear mottled and irregular when a 
papillary tumor is present. When the tumor 
occludes the pelvis or calyx or both, dilata- 
tion of the corresponding area results, 7.¢., 
pyelectasis, caliectasis. 

In an occasional case of papillary car- 
cinoma beginning in the infundibular or 
terminal portion of a calyx, one may ob- 
serve an alteration in the outline of the 
terminal portion of the calyx which may be 
easily confused with either a tuberculous 
papillitis or necrotizing papillitis (Fig. 
108). Filling defects in the infundibular 
portion or in the terminal calyx may be 
caused by the tumor per se or by accom- 
panying blood clots. 


VIII, VASCULAR TUMORS 
[hese tumors are responsible for hema- 
turia, pain, vesical dysfunction and pyelo- 


| graphic changes. They may be classified: 


(1) benign (i.e., capillary, plexiform and 
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cavernous hemangioma) and (2) malignant 
(7.e., hemangiosarcoma and hemangio- 
blastoma) derived from blood or lymph 
vessels. In the same general category, one 
must also include a varix situated at or 
near the tip of a papilla which is not a true 
tumor but a dilatation of a pre-existing 
vein or group of veins (telangiectasis). 

The pyelographic changes induced by 
these vascular are not constant 
or characteristic. The varix or capillary 
hemangioma may produce a defect limited 
to the tip of a pyramid or adjacent fornix 
(Fig. 10C) which is difficult to distinguish 
from the changes produced by papillary 
erosion or necrosis or papillary tuberculo- 
sis. Plexiform or cavernous hemangioma or 
hemangiobalstoma more prone to 
produce and obstructive 
changes in the parenchyma or alterations in 
the shape and outline of the pelvis and 
calyces like pyelectasis and caliectasis. 


lesions 


are 


more serious 


IX. MISCELLANEOUS LESIONS 


1. Nonradiable Calculi. \t has been 
estimated that approximately 5 to 8 per 
cent of urinary tract calculi are nonradiable. 
These nonopaque calculi are of two types, 
viz., (a) organic, 7.e., cystine, xanthin, 
leucine, cholesterol, sulfonamide, bacterial, 
albumin, fibrin, etc., and (b) inorganic, 2.e., 
uric acid, urate and soft calcium stones. 
The most common type is the uric acid 
calculus. Approximately 10 to 20 per cent 
of the patients with gout suffer from uric 
acid calculi (Fig. 11, 7 and B). 

These nonradiable calculi may be found 
in any part of the urinary tract but are 
most frequently situated in the ureter or in 
the pelvis. Occasionally, they are located in 
the infundibular and terminal portion of 
the calyx where they may be responsible for 
negative shadow or filling defect (Fig. I 2B) 
which is easily confused with a specific or 
nonspecific papillitis, blood clot, air bubble, 
inspissated pus, benign hyperplastic lesion 
of the calyceal membrane, papillary car- 
cinoma or vascular tumor at or near the 
papillae. However, when these calculi be- 
come firmly fixed or lodged for a long period 
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1G. 10. (4) Papillary carcinoma of the renal pelvis producing a filling defect indicated by the negative 
shadow. (Confirmed by operation.) (B) Papillary carcinoma of the upper calyx of the left kidney producing 
a filling defect and broadening of the terminal calyx. (Confirmed by operation.) (C) Angioma of the lower 
calyx of the left kidney causing filling defect. (Confirmed by operation.) (D) Squamous cell carcinoma 
involving the lower major calyx and producing a mottled filling defect. (Confirmed by operation.) (2) 
Lymphosarcoma of the left kidney showing marked elongation, distortion, and obliteration of the lower 
and middle calyces. (Confirmed by operation.) (F.) Lymphosarcoma of the left kidney with diffuse involve- 
ment of the entire kidney and resulting in irregular filling defects of all calyces. (Confirmed by operation.) 


of time in the infundibular or terminal of tuberculosis, ulceration, or abscess with 
portion of the calyx they are prone to pro- little or no calcification. 


duce a hydrocalyx or localized caliectasis 2. Deposition of Crystalloids in the Pw 
which may be readily discernible on excre-  pi/lae and Pyramids. 
tory or retrograde pyelograms (Fig. 13, a. Calcium infarcts in the pyramids. 


B, and B,). Not infrequently the contour These calcium deposits, which are com- 
and density of radiable and nonradiable posed of calcium carbonate or phosphate, 
calculi are such that they produce a mottled appear to involve all the pyramids of both | Fic 
or irregular shadow (Fig. 12, 4; and 42) kidneys and are frequently designated 8 | ;,, 
which may be mistaken for a localized area calcinosis or nephrocalcinosis. The conde | cal 
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Fic. 11. (4) Uric acid calculi in both kidneys and uric acid infarcts of the left kidney indicated by arrows. 
(B) Roentgenogram of both feet in same case showing extensive periarticular infiltrations of uric acid. 


tion may be observed in any disease ac- 
companied by marked hypercalcemia. 

The urographic pattern is clearly dis- 
cernible on the plain roentgenogram as the 
calcium salts appear as white brush-like 
radiations at the tip of all the papillae and 
extend into the depths of the pyramids. 

b. Uric acid infarcts. These lesions are 
frequently observed in the kidneys of in- 
fants and children and rarely in adults. The 
infarcts produce a yellow streaking of the 


papilla of the pyramid and are sometimes 
accompanied by actual stone concretions 
embedded in ragged cavities at or near the 
tip of the papilla. These deposits in the 
tubules of the papillae do not cast a shadow 
in the plain roentgenogram but may pro- 
duce a fuzzy irregularity in the outline of 
the papillae in the retrograde pyelograms. 

c. Urate infarcts. Deposits of urate 
crystals in and between the tubules of the 
pyramids 


are occasionally observed in 


Fic. 12 


2. (4) Plain roentgenogram revealing numerous calculi in the terminal calyces. (42) Same case, show- 


Ing negative shadows produced by calculi in the terminal calyces. (B) Incomplete filling defect in the lower 
calyx produced by a nonradiable calculus. (Confirmed by operation.) 
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ic. 13. Plain showing en- 
cysted cortical stone. (42) Pyelographic appear- 
ance of encysted cortical stone. The cystic lesion 
may have been a calyceal diverticulum. (Con- 
firmed by partial nephrectomy.) (B;) Plain roent- 
genogram showing a cluster of calculi in the upper 
pole of the right kidney. (B:) Same case. Local- 
ized calculous pyonephrosis of the upper maior 
calyx. (Confirmed by operation.) 


roentgenogram 


severe cases of gout. These deposits appear 
as white chalky striations in the tips of the 
papillae and usually involve all the pyr- 
amids of both kidneys to a variable degree. 
As a rule, the urate infarcts of the papillae 
are not discernible on the plain roentgeno- 
gram except in severe cases of gout with 
extensive infarct formation. Slight ir- 
regularity of the outline of the terminal 
calyces may be present in the retrograde 
pyelogram in cases with extensive infarct 
formation. 

d. Microlithiasis and calcareous plaques. 
In 1926 Lichtenstein described calcium 
deposits attached to the renal parenchyma 
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and projecting into the lumen of the calyy 
which he designated as microlithiasis, |; 
1938 Randall associated calcium infarets 
with the formation of renal calculi. 

These microliths and calcium plaque 
are not discernible on the plain roentgeno. 
gram. When these plaques attain a cop. 
siderable size, they may produce slight 
irregularities in the outline of the calyceal 
cup which are difficult to detect or may be 
obscured by the contrast medium. 

e. Sulfonamide infarctions. Renal com. 
plications of sulfonamide therapy rarely 
are seen today with the newer sulfonamide 
compounds and combinations of this group 
of drugs. 

The pyelographic changes encountered 
were varied and bizarre, depending upon 
the degree of precipitation of the sulfona- 
mide crystals within the calyces, pelvis, and 
ureter. Filling defects with the _pyelo- 
calyceal system were frequently noted. 

3. Renal Infarction and Embolism. Renal 
infarction occurs more frequently than 
the reports would indicate. As a rule, this 
type of lesion is encountered in individuals 
past the age of fifty when vascular diseases 
and accidents are more prone to occur. The 
area of infarction in the kidney is most 
frequently confined to the cortical zone 


but may include or be limited to a pyramid | 


depending upon the size and location of the 
blood vessel occluded. 

Renal infarction of arterial origin is the 
type most commonly encountered and may 
be partial or complete in the extent of its 
involvement of the kidney. Infarction due 
to venous obstruction is less frequently 
observed but far more serious in its effect. 
Traumatic infarction is the rarest type. 

The outstanding clinical symptoms art 
sudden sharp pain in the affected kidney 
area and hematuria which may be masked 
or overlooked as attention is ‘focussed on 
the serious cardiac, vascular, or traumatic 
lesion responsible for the renal infarction. 
The pyelographic changes associated with 
renal infarction or embolism vary with the 
extent of the infarcted area. The distortion 
and defects in the outline of the pelvis and 
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Fic. 14. (4) Acute lymphoblastic leukemia with diffuse involvement of both kidneys and compression of 
the calyces. (Courtesy of Department of Radiology, Johns Hopkins Hospital; confirmed by autopsy.) 
(B) Localized infiltration of the lower pole of the right kidney in a case of acute lymphatic leukemia. 


(Confirmed by partial nephrectomy.) 


calyces associated with renal infarction 
and embolism are often misinterpreted or 
incorrectly diagnosed as the more familiar 
renal diseases. Inasmuch as these lesions 
of the kidney may be accompanied by 
serious impairment in renal function, the 
pyelographic changes are more clearly 
demonstrated by retrograde than by excre- 


_ tory urographic studies. 


4. Leukoplakia. This specific lesion is 
usually found in the renal pelvis but may 
be localized to one calyx. It is usually 
associated with a chronic irritative process, 
1e., calculus. The leukoplakic area may 
be represented by a motheaten filling de- 
fect in the pelvis or calyx in the excretory 
or retrograde pyelogram (Fig. 8£). 

5. Malacoplakia. Malacoplakia is a 
peculiar granulomatous lesion which is 
most commonly found in the bladder but in 
exceptional cases may involve the ureter 
and pelvis of the kidney. These granuloma- 
tous lesions form multiple, discrete round 
masses or plaques, seldom exceeding 1 cm. 
in diameter. The pyelographic changes are 
essentially a filling defect caused by the 
small nodules. 

6. Lesions Associated with Diseases of the 


Hemopoietic System. Acute lymphatic and 
myeloid leukemia not infrequently pro- 
duces secondary lesions in the kidney which 
may be the cause of death, especially in 
young people. These secondary lesions are 
present in the form of leukemic infiltrations 
of the interstitial tissue of the cortical 
and corticomedullary zones and occasion- 
ally extend down into the pyramids of the 
medulla (Fig. 144). These leukemic in- 
filtrations may also be accompanied by 
intratubular hemorrhages and submucosal 
hemorrhage in the pelvis and calyces. 

Urographic changes are difficult to dis- 
cern when the infiltration is confined to the 
cortical and corticomedullary zones. Posi- 
tive urographic changes may occur when 
the pyramid is involved and the swollen 
papilla projects into and obstructs the 
lumen of the terminal calyx or when blood 
clots accumulate at the tip of the papilla or 
occlude the pelvis or calyx (Fig. 148). 

7. Metastatic Tumors. Lymphosarcoma 
and lymphoblastoma are extremely rare 
primary tumors of the kidney but occasion- 
ally produce secondary lesions in the kidney 
either as a result of metastases or by direct 
invasion from a neighboring focus. These 
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ic. 15. (4) Perirenal hematoma causing medial displacement and rotation of the kidney and ureter. The 
compression changes involving the terminal calyces were due to chronic pyelonephritis. (Courtesy of 
Department of Radiology, Johns Hopkins Hospital.) (B) Replacement lipomatosis of both kidneys, more 
marked in the right than the left kidney. Note compression and distortion of the lower calyx and pelvis of 
the right kidney and similar but not so advanced changes in the pelvis and upper calyx of the left kidney. 
(Simril and Rose, ‘7. Uro/., 1950, 63, §88.) (C) Abscess of the lower pole of the left kidney with perinephritic 
abscess. Note the compression and elongation of the lower and middle calyces. (Confirmed by operation. 


secondary lesions may be classified, v7z., (a) 
perirenal, (b) multiple nodular metastases 
throughout the entire parenchyma, (c) 
diffuse interstitial infiltration, and (d) large 
solitary metastases. Pyelographic defects 
may occur in all types (Fig. 10, FE and F). 
The first two types may cause bizarre de- 
fects in the outline of the calyces. The 
solitary metastatic type may produce the 
characteristic pyelographic defects and 
changes in the terminal calyces and pelvis 
associated with other renal neoplasms. 

8. Endometriosis. This rare lesion occurs 
in women between the ages of twenty-two 


and forty-two years. The renal condition is 
practically always accompanied by pelvic 
endometriosis. Intravenous urography may 
reveal either blurring of the pelvis and 
calyces, or impaired excretion, or a com- 
pletely excluded kidney. Retrograde pyelog- 
raphy is the most important diagnostic 
aid and may show a gross pyelocalyceal 
defect, cystic dilatation of a terminal 
calyx, or renal atrophy. 

g. Actinomycosis. In 1951, Whisenand 
and Moore collected 16 cases of this rare 
disease. The renal lesion is usually the result 
of direct extension from other sources. The 


VoL. 


kidne 
nodu! 
subse 
sue al 
findir 
the d 
of a 
of tu 
more 
urete 
tube 

10. 
colle 
1sC) 
displ 
resul 
pelvi 
neph 
com] 
the | 
may 
pyel 
and 


+ 
ty 


kidney tissue reacts with the formation of 
nodules of chronic granulation tissue with 
subsequent replacement by connective tis- 
sue and fistula formation. The pyelographic 
findings vary according to the severity of 
the disease process, v72., typical deformity 
of a renal tumor, motheaten appearance 
of tuberculosis, chronic infection of one or 
more calyces, or a perirenal abscess. The 
ureter may reveal changes simulating 
tuberculosis. 

10. Perirenal Hematoma or Abscess. A 
collection of blood (Fig. 154) or pus (Fig. 
1sC) in the perinephric tissue may cause a 
displacement of the kidney and ureter with 
resulting pvelographic changes in_ the 
pelvis and calyces which may be difficult to 
distinguish from intrarenal disease. Peri- 
nephritic abscess not infrequently is ac- 
companied by an abscess or carbuncle in 
the kidney parenchyma (Hig. 15C) which 
may produce an intrinsic deformity in the 
pyelographic outline of one or more major 
and minor calyces. 
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SUMMARY 


1. The diagnosis of the cause of hema- 
turia of renal origin presents one of the 
most difficult problems in urology and 
radiology. 

2. Urographic studies reveal that a wide 
variety of lesions of the renal papillae and 
calyces may be the causative factor. 

3. These lesions have been classified and 
briefly discussed from a pathologic stand- 
point. 

4. The outstanding urographic changes 
produced by these lesions have been de- 
scribed and pyelograms of the more com- 
monly encountered lesions presented. 

5. Such knowledge will eliminate most or 
all the diagnostic uncertainties of the group 
of obscure cases of renal hematuria which 
were erroneously diagnosed in the past as 
“essential” or “idiopathic” hematuria. 
Julian O. Salik, M.D. 

Sinai Hospital of Baltimore, Inc. 


1714 East Monument Street 
Baltimore 5. Maryland 
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A CLASSIFICATION OF THE UROGRAPHIC PAT. 
TERNS IN CHILDREN WITH CONGENITAL 
BLADDER NECK OBSTRUCTION* 


By AURELIO C. USON, M.D., DONALD W. JOHNSON, M.D., JOHN kK. 
LATTIMER, M.D., and MEYER M. MELICOW, M.D. 


NEW YORK, NEW YORK 


with congenital bladder 
neck obstruction, when first seen usu- 
ally appear healthy and well nourished de- 
spite the fact that their urinary tracts may 
be seriously affected (Fig. 1). If the under- 
lying pathologic condition is not recognized 
and/or properly treated, the changes in the 
upper urinary tracts become progressively 
worse, irreversible, and in due time incom- 
patible with life. On the other hand, if 
early diagnosis and adequate management 
are instituted, the lives of the patients may 
not only be saved, but, in addition, a satis- 
factory anatomic and physiologic recovery 
of their urinary tracts may be obtained. 
The roentgenographic findings and path- 
ologic changes in the urinary tracts of 
children with congenital bladder neck ob- 
struction are varied and often confusing. 
Furthermore, it has been noted, that when 
these children undergo routine urographic 
examination, without a rational approach 
to the problem, numerous roentgenograms 
are taken resulting in unnecessary exposure 
of the child to irradiation. For this reason, 
it was felt that a comprehensive urographic 
classification would be an aid in the initial 
evaluation of these patients, a guide to 
proper therapy and an important criterion 
in determining the effectiveness of treat- 
ment. To derive such classification the 
available roentgenograms (cystograms, in- 
travenous urograms and retrograde pyelo- 
grams) of 158 children, 100 boys and 58 
girls, with congenital bladder neck obstruc- 
tion, were reviewed. The age of these pa- 
tients ranged from one day to fourteen 
years. They were seen from January, 1938 
to December, 1957 at the Pediatric Uro- 


logical Service of the Squier Clinic and 
Babies Hospital of the Columbia-Presby. 
terian Medical Center. In 25 of these chil. 
dren cystograms were not done and there. 
fore they have been excluded from the pres. 
ent report. From the study of the roent. 
genographic material of the remaining 133 
cases, we formulated a working urographic 
classification of the changes in the urinary 
tract caused by the congenital obstruction 
at the bladder neck. 

The cases were separated into two main 
groups based upon the presence or absence of 
vesico-ureteral reflux as demonstrated by 
cystography. Each group was further sub 
divided in three types according to the 
status of the upper urinary tracts. 


GROUP I (44 CASES) 


In this group no vesico-ureteral reflux is 
demonstrated by cystography. 

Type A (13 cases). The upper urinary 
tracts are normal as revealed by intravenous 
and retrograde pvelography. Cystography, 
however, reveals large ovoid bladders, usu- 
ally smooth in contour, but occasionally 
thick-walled with slight trabeculation and 
sacculation. Postvoiding cystograms show 
variable amounts of residual urine in the 
bladder (Fig. 2). 

Type B (8 cases). There is unilateral hy- 
droureteronephrosis of variable degree with 
evidence of trapping of urine in the dilated 
ureter, caused by obstruction at the uretero- 
vesical junction. In some cases a_ small 
juxtameatal vesical diverticulum is noted 
on the side fof the hydroureteronephrosis. 
The appearance of the bladder is similar to 
that seen in Type A (Fig. 3). 


* From the Squier Urological Clinic, The Babies Hospital and The Columbia University College of Physicians and Surgeons, New 


York, New York. 


A paper on the same subject was read by the senior author at the Meeting of the Genito Urinary Section of the New York Academy 
of Medicine and received the second prize of the Annual Essay Contest. 
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Fic. 1. H.W., B.H. No. 563879. Male, aged nine years, with a five year history of recurrent bouts of low 
grade fever and albuminuria. Enuresis for past two years. (4) Note his healthy and well nourished appear- 
ance despite the severe destruction of the urinary tract shown by the cystogram. (B) Note large bladder 
and ureteral reflux to pelves outlining enormously dilated and tortuous ureters, with bilateral hydronephro- 


SIS. 


Type C (23 cases). There is di/ateral hy- 
droureteronephrosis, usually with impair- 
ment of renal function and obstruction at 
the ureterovesical junctions. Retrograde 
pyelography demonstrates the dilated tor- 
tuous ureters better than intravenous urog- 
raphy. “Trapping” within the ureters is 
well demonstrated on roentgenograms ob- 
tained after catheter drainage of the blad- 
der. Occasionally, a tiny juxtameatal vesi- 
cal diverticulum on each side is found. The 
changes in the bladder wall (thickening, 
trabeculation, etc.) are generally more 
severe than those seen in Types A and B 
(Fig. 4). 


GROUP II (89 CASES) 

In this group vesico-ureteral reflux is 
revealed by cystography. 

Type A (11 cases). There is unilateral 
vesico-ureteral reflux with variable degrees of 
hydroureteronephrosis. In congenital blad- 
der neck obstruction no instance of vesico- 
ureteral reflux was encountered without 
some degree of dilatation of the involved 
upper urinary tract. The dilated ureter 
may be quite elongated and tortuous. The 
appearance of the bladder, in general, is 
similar to that seen in Types A and B of 
Group I. Postvoiding cystograms show 
variable amounts of residual urine in the 
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Fic. 2. Group I, Type A. Dilated bladder but with no renal damage as yet. A.G., B.H. No. 891574. Male, aged 
nine years. The patient was symptomless and a urologic investigation was performed because his older 
brother was found to have a congenital bladder neck obstruction (see Figure 3, Group I, Type B). (4) 
Cystogram shows large smooth bladder shadow without reflux even at the end of thirty minutes. (B) Ab- 
dominal roentgenogram taken seventy-five minutes after intravenous injection of contrast medium 


reveals normal upper urinary tract and large distended bladder. 


bladder and in the dilated ureter. How- 
ever, an organic obstruction at the uretero- 
vesical junction is not always present. The 
redundancy of these ureters may interfere 
with adequate ureteral emptying. Excre- 
tory urography, with an indwelling cathe- 
ter to allow adequate bladder drainage and 
to prevent vesico-ureteral reflux, may re- 
veal impaired function of the involved kid- 
ney. The contralateral kidney and ureter 
are normal (Fig. 5). 

Type B (20 cases). There is dilatation of 
both upper urinary tracts, with vesico- 
ureteral reflux on one side and ureterovesi- 
cal obstruction on the opposite side. Cystog- 
raphy reveals abnormalities similar to 
those seen in Group II, Type A. Retro- 
grade and/or excretory pyelography, how- 
ever, demonstrate hydroureteronephrosis 
also on the side where vesico-ureteral reflux 
does not occur due to stricture of the ure- 
teral meatus. Excretory urography shows 
bilateral impairment of renal function in 
many instances. A small juxtameatal vesi- 
cal diverticulum is occasionally noted on 
the side without reflux (Fig. 6). 

Type C (58 cases). This is the largest 
single category and is characterized by 
bilateral vesico-ureteral reflux with bilateral 
hydroureteronephrosis. The degree of in- 
volvement of the upper urinary tracts 
tends to be more marked than in the previ- 
ous types and is often symmetric in indi- 
vidual patients. Postvoiding cystograms 


show residual urine in the bladder because 
of the bladder neck obstruction, and also 
in the upper tracts because of ureteral re- 
dundancy, atony and at times strictures at 
the ureterovesical junctions. In the latter 
the ureteral meati are not only incom- 
petent (allowing reflux) but also stenosed. 
Excretory urography reveals diminished 
renal function with nonvisualization in ad- 
vanced The trabeculation and 
sacculation of the bladder are often more 
marked than those seen in any of the pre- 
ceding types in both groups, but the 
bladder is usually smaller (Fig. 7). In rare 
instances a fusiform dilatation of the poste- 
rior urethra, suggesting the presence of ure- 
thral valves, may be present (Fig. 8 and 9). 

Table 1 gives the cystographic findings 


Cases. 


TaBLe_ | 


CYSTOGRAPHIC FINDINGS IN 13} CHILDREN WITH 
CONGENITAL BLADDER NECK OBSTRUCTION 


Group I. Large bladder but no reflux 44 Cases 
Group II. Large bladder and reflux of 
one or both ureters 8g Cases 


in 133 children with congenital bladder 
neck obstruction. These are separately 
diagrammed for Group I and Group II, by 
illustrating the Type A, B, C lesions in 
each group. (See Diagrams of Group I and 
Diagrams of Group II.) 


Fic. 3. Group I, Type B. Dilated bladder without reflux but with unilateral hydroureteronephrosis. S.G., B.H. 
No. 906717. Male, aged ten years, brother of patient whose urographic studies are described in Figure 2. 
There was a history of intermittent urinary difficulty, fever and right flank pain for six years. (4) Delayed 
cystogram shows a large smooth bladder shadow without reflux. (B) Abdominal roentgenogram taken 
seventy-five minutes after intraverous injection of contrast medium reveals hydroureteronephrosis on the 
right side and a normal tract on the left side. The distended urinary bladder is again visualized. 
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GROUP I-44 CASES GF 


4 
TYPES PVC. 
pelvic 
A brim 
B 
C 
Dracrams Or Group 
PATIENTS WITH LARGE BLADDER BUT NO REFLUX 44 CASES 
Type A. With normal upper urinary tract 13 Cases 
Type B. With unilateral hydronephrosis 8 Cases 
Type C. With bilateral hydronephrosis 23 Cases FC 
Pilling Cystogram. elayed cystogram. ostvoiding cystogram. 
F.C. Filling cystogram. D.C. Delayed cystogram. P.V.C. P ling cystog 
I.V.P. Intravenous pyelogram. 
tec! 
DISCUSSION At present cystography with “floating | Mc 
During the clinical evaluation of chil. lipiodol” is also included, as originally sug. ] Sev 
dren suspected of having congenital blad- gested by Young et a/.’ An evaluation ol aly 
der neck obstruction, plain roentgenog- this technique will be reported in the neat refi 
raphy of the abdomen, cystography and future by Roberts.’ Considerable useful in- | tra 
intravenous urography are usually per- formation is obtained from cystographic Th 
formed. Retrograde pyelography and ure- studies, as recommended by Stewart* and as 
thrography are employed less frequently. Williams* or according to the standardized | °" 
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GROUP II - 89 cases 


L.V.P. Intravenous pyelogram. 


technique reported by Dean, Lattimer and 
McCoy.2 A thirty minute delayed and 
several postvoiding roentgenograms are 
always taken so that the vesico-ureteral 
reflux, vesical residual of urine and upper 
tract drainage are at once determined.* 
rhe time interval between voidings, as well 
as the amounts of each voiding, are re- 
corded. In children who cannot follow this 
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PATIENTS WITH LARGE BLADDER AND REFLUX OF ONE OR BOTH URETERS 


Type A. With unilateral reflux and unilateral hydronephrosis 
Type B. With unilateral reflux and bilateral hydronephrosis 
Type C. With bilateral reflux and bilateral hydronephrosis 


D1aAGRAMS OF Group I] 


8g CASES 


11 Cases 
20 Cases 
58 Cases 


F.C. Filling cystogram. D.C. Delayed cystogram. P.V.C. Postvoiding cystogram. 


routine, the bladder is emptied via the 
urethral catheter and successive roentgeno- 
grams of the abdomen are taken whenever 
vesico-ureteral reflux is present. Voiding 
cystourethrograms, as_ recently recom- 
mended and beautifully. demonstrated in a 
book by Kjellberg et a/.,> may disclose im- 
portant pathologic lesions, particularly at 
the posterior urethra. An antibiotic—neo- 
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Type C. Dilated bladder with no reflux but bilateral hydroureteronephrosis. R.H., B.H. No. 
948738. Male, aged five years, with a six month history of progressive urinary difficulty culminating ™ 
acute urinary retention, accompanied by fever and a serum nonprotein nitrogen value of 81 mg./100 ¢t 
of blood. (4) A thirty minute delayed filling cvstogram reveals an elongated bladder shadow with numet- 
ous sacculations. (B) Abdominal roentgenogram taken two hours after intravenous injection of the cot 
trast medium, shows poor renal excretion of the contrast medium. (C) Abdominal roentgenogram taken 
fifty minutes after retrograde filling of both ureters with contrast medium demonstrates pronounced 
hydroureteronephrosis, particularly on the right side in which a better filling of the ureter and pelvis was 
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Fic. 4. (E) G.N., B.H. No. 267640. Filling cystogram. Note juxtameatal diverticulum on left side. The pres- 
ence of a similar diverticulum on the right was obscured by the density of the opaque medium within the 
distended bladder. (F) Same as E. Note bilateral juxtameatal diverticula which are now clearly shown 
because the bladder had been emptied of the contrast medium. (G) A thirty minute delayed bilateral 
pyelogram through the nephrostomy tubes shows advanced hydroureteronephrosis and obstruction in 
both ureterovesical junctions. 


Nic. 5. Group II, Type A. Large bladder with unilateral reflux and hydroureteronephrosis on the side of reflux 
The contralateral upper urinary tract is normal. R.B., B.H. No. 691170. Male, aged three years, with “unex- 
plained” fever of 105° F. for two weeks. (4) Filling cystogram reveals large smooth bladder shadow and 
free left ureteropelvic reflux outlining a dilated tortuous ureter and a hydronephrosis. There is no reflux 
on the right side. (B) Abdominal roentgenogram taken two hours after the intravenous injection of contrast 
medium shows left hydronephrosis. The right kidney excreted most of the contrast medium promptly, 
though some of it is still present in an otherwise normal pelvis and ureter. (C) Bilateral retrograde pyelo- 
gram shows a relatively normal right upper urinary tract and a hydroureteronephrosis on the left side. The 
reproductions in 4, B and C are LogEgrams. 


obtained. Note the ‘“‘pencil-shaped” ureters due to stricture at the ureterovesical junction. (D) Abdominal 
roentgenogram taken ninety minutes after C shows as in C bilateral ureteropelvic trapping of the injected 
substance. 
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lic. 6. Group Il, Type B. The bladder is usually smaller than in the previous types, with unilateral reflux and 
bilateral hydroureteronephrosis. J.O., B.H. No. 142484. Male, aged one and one-half years with an eight 
month history of recurrent bouts of fever up to 103° F., vomiting and episodes of crying. (4) Filling cysto 
gram reveals free reflux on the right side outlining a right hydroureteronephrosis. There was no reflux on 
the left side. (B) Abdominal roentgenogram taken seventy-five minutes after intravenous injection of 
contrast medium shows tortuous left ureter and left hydroureteronephrosis, and almost functionless right 
kidney. (C) A thirty minute delayed pyelogram through left nephrostomy tube demonstrates the site of 
obstruction at the ureterovesical junction with evidence of trapping of the contrast medium in the left 


ureter and pelvis. 


bycin or tetracycline—is usually mixed 
with the contrast medium at the time of 
cystography, particularly if reflux is antic- 
ipated. Cystography is always carried out 
under meticulous asepsis and usually with- 
out anesthesia. 

Admittedly cystography has several dis- 
advantages: (1) the test requires a urethral 
catheterization with the subsequent danger 
of trauma and infection; (2) the catheteriza- 
tion may alter or distort the urethral or 
bladder neck obstructive lesions; and (3) 
there is a hazard of precipitating an 
ascending infection in either kidney, par- 
ticularly if reflux and retention are present. 

Intravenous urography is performed be- 
fore or after the cystography and only if the 
nonprotein nitrogen is not elevated and the 
child’s general condition and sensitivity to 
the contrast medium have been evaluated. 
The roentgenograms are usually taken at 


ten, forty, and seventy-five minute inter- 
vals. Delayed roentgenograms from one to 
several hours are often necessary when fe- 
nal function is impaired. 

In those cases in which intravenous 
urography is performed before cystography, 
postvoiding roentgenograms may be ob 
tained at the end of seventy-five minutes or 
later. If intravenous urography is done 
after cystography has revealed reflux orif 
it is performed in patients requiring an it- 
dwelling urethral catheter, the catheter 
should be left unclamped. Retrograde 
pyelography is not indicated when vesico- 
ureteral reflux is present because the latter 
usually outlines adequately the upper ut 
nary tracts. On the other hand, if there's 
no reflux and the status of the uppet 
urinary tracts needs clarification because 
poor or nonvisualization by intravenous 
urography, retrograde pyelography is ust 


VoL. 


598 = 
2 
‘ 


VoL. 80, No. 4 Urographic Patterns in Children 599 


1x and 
| eight 
cysto- 
on 
ion of 
right 
site of 


he left 


nter- 
ne to 


Fic. 7. Group Il, Type C. Bladder as in Group 11, 
Nn re- 


Type B, but with bilateral reflux and bilateral 
hydroureterone phrosis. M.H., B.H. No. 271620. 
nous Male, aged four years, who always had been in 
iphy, 
ob- 


“good health” until five or six months prior to 
admission, when he began to complain of tired- 
ness. For the past two weeks he had had in- 


creasing urinary frequency, red urine, dysuria 
done and urinary retention. (4) Filling cystogram 
or I! shows free bilateral ureteral reflux to renal 
n in- pelves, outlining the tortuous and markedly di 
heter lated ureters, with bilateral hydronephrosis. 
= (B) Postvoiding roentgenogram reveals consid- 
a erable residual urine in the bladder and trap- 
'S1C0- ping of the contrast medium in both ureters 
atter - and pelves. (C) Abdominal roentgenogram 
taken seventy-five minutes after intravenous 
re 18 a ’ injection of contrast medium discloses only 
pet q fair renal function, bilateral hydronephrosis 
and hydroureters with delayed emptying. 
nous ¥ 
usu- 
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Fic. 8. Group II, Type C. Bilateral vesico-ureteral 
reflux with bilateral hydroureteronephrosis. A.Ch., 
B.H. No. 064196. Male, aged seven days, born 
with a weakness of the abdominal wall muscula- 
ture and other anomalies. Filling cystogram re- 
veals a pear-shaped bladder with free bilateral 
ureteral reflux to renal pelves, outlining both ure- 
ters, which appear to be dilated and tortuous. A 
fusiform dilatation of the posterior urethra was 
also present, but overlooked. At autopsy two 
posterior urethral valves were found. 


ally performed after endoscopic examina- 
tion of the bladder. In children this pro- 
cedure requires general anesthesia. 
Retrograde urethrography has seldom 
been performed in our patients. However, 
this procedure may be indicated in specific 
cases, 7.e. urethral diverticulum, urethro- 
rectal fistulae, or severe urethral strictures, 
which may not allow catheterization. In the 
latter instance or whenever the presence of 
posterior urethral valves is suspected, it is 
safer to avoid any urethral instrumenta- 
tion because such manipulations may pre- 
cipitate a severe urinary and generalized in- 
fection which can cause the patient’s death. 
In such cases an emergency suprapubic 
cystostomy or bilateral nephrostomy as a 
life saving procedure may be necessary. 
Posterior urethral valves, in our expe- 
rience,are uncommon and represent a rather 
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severe obstructive lesion with a grave out. 
look. They were found in 12 out of 16g 
cases with congenital bladder neck obstruc. 
tion. The ages in these children, with com. 
plete posterior urethral valves, ranged from 
one day to ten months, the majority being 
in the first two months of life. Most of them 
were severely ill on admission and died 
shortly thereafter. Usually the precipitating 
factors were cystography, urethral cathe. 
terization or simple meatotomy. Hyper. 
pyrexia of 104° to 105° F., vomiting, 
uremia, electrolyte imbalance and other 
disturbances were noted a few days prior 
to death. Except in 2 instances, the valves 
were not recognized or visualized during 
the clinical evaluation. retrospect, 
however, some of the urethral valves could 
have been diagnosed from the original 
cystographic or urographic studies. In 4 
of the 12 children with urethral valves, 
congenital deficiency of the abdominal 
musculature was also present. 

As already stated, it is important to 
avoid urethral instrumentation in children 
suspected of having urethral valves. Some- 
times, it may be advantageous to employ a 
procedure which in the past has been used 
in adults. A suprapubic needle puncture of 
the bladder is performed and part of its con- 
tents aspirated. A few cubic centimeters of 
contrast medium are then injected and the 
needle withdrawn. Immediate and _post- 
voiding roentgenograms are obtained. Im- 
portant information as to the pathologic 
nature of the obstruction at the bladder 
neck, the presence of vesico-ureteral reflux 
and the status of the upper urinary tracts 
may thereby be secured. This procedure, 
however, has not as yet been employed in 
our cases. 

The cause, development and significance 
of the juxtameatal diverticula which were 
encountered in some of these patients with 
congenital bladder neck obstruction are not 
fully understood. We believe that these 
diverticula are of congenital origin and that 
their development takes place as follows: 
The resistance of emptying caused by 
bladder neck obstruction must be ovet- 
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Fic. 9. Photographs of three autopsy speci- 
mens showing particularly the appearance 
and location of the posterior urethral valves. 
Note (4) that the location of the valves is 
distal to the verumontanum, which explains 
the low lying position of the fusiform dilata 
tion when viewed in cystourethrograms, (B) 
the thick-walled trabeculated bladders, and 
(C) the dilated ureters and pelves. (D) 
Close-up of urethral valves, well preserved 
on right side and torn on left. 
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come as otherwise the bladder will continue 
to dilate in order to accommodate the in- 
creasing amounts of residual urine. The 
detrusor, by its vigorous attempts to empty 
the bladder completely, becomes hyper- 
trophied. This process is uneven and as a 
result trabeculation, sacculation and out- 
pouching of diverticula of the mucosa 
occur. The latter herniates through the 
weakest points in the bladder wall and par- 
ticularly through perimeatal 
which in some patients are congenitally 
deficient (Chwalle'). These potentially 
weak areas develop at the time of splaying, 
separation and migration of the wolffian 
duct from the posterior bladder wall and 
the incorporation of the ureter into the 
bladder. It is conceivable that the con- 
tinuous increase in residual urine during the 
second half of the intrauterine life in 
fetuses with obstruction at the bladder neck 
may precipitate the development of juxta- 
meatal diverticula. The latter in turn, due 
to their position, cause obstruction of the 
intramural portion of the ureters. Thus, 
this diverticulum has clinical significance. 


areas 


SUMMARY 


The roentgenographic findings in 133 
children with congenital bladder neck ob- 
struction have been presented and a 
classification has been proposed based on 
(I) the presence or absence of vesico- 
ureteral reflux and (II) the status of the 
upper urinary tracts. 

2. The rationale in the urographic work- 
up during the clinical evaluation of pa- 
tients with suspected congenital bladder 
neck obstruction has been discussed. A 
theory as to the genesis of the juxtameatal 
vesical diverticula has been presented. 

The value of the classification which 


has been presented is, in our opinion, 
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Ocroser, 1958 
threefold: (a) It can be used as a guide in the 
initial evaluation of children with cop. 
genital bladder neck obstruction, reducing 
thereby the number of roentgenographic 
exposures, and in grouping properly the 
varied urographic patterns that are seen jn 
these patients; (b) it can be employed as an 
aid in selecting the particular therapy best 
suited for any given case of congenital 
bladder neck obstruction; and (c) it can be 
utilized as an objective criterion in evalua. 
ting accurately the results obtained from 
the various types of treatment. 


Aurelio C. Uson, M.D. 

Columbia University College of Physicians 
and Surgeons 

620 West 168th Street 

New York 32, New York 
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THE ROENTGEN MANIFESTATIONS OF CARCINOMA 
AND CYST IN THE SAME KIDNEY* 


REPORT OF A CASE 


By DANIEL J. PISANO, M.D.,f ROBERT HOWARD ROSEN, M.D.,f BERTA M. 


RUBINSTEIN, M.D.,§ and HAROLD G. JACOBSON, M.D. 


NEW YORK, NEW YORK 


HE usual urologic work-up of a pa- 

tient for a suspected mass in the kid- 
ney includes the time-tested methods of 
history and physical examination; various 
laboratory studies, such as urinalysis and 
complete blood cell count; plain roentgenog- 
raphy of the abdomen; roentgenography 
of the chest and skeleton for possible me- 
tastases; intravenous and retrograde pyel- 
ography and cystoscopy. Recently, aortog- 
raphy and nephrotomography have started 
to play a role in the diagnosis of space-oc- 
cupying masses in the kidney. Although 
intravenous and retrograde pyelography 
are of obvious importance, we have found 
that nephrotomography using, in the main, 
the technique advocated by Evans and co- 
workers®’’ is a procedure which has proved 
to be a valuable adjunct in both the diag- 
nosis and the differential diagnosis of space- 
occupying masses in the kidney. 

Briefly, nephrotomography is carried out 
by the rapid injection of one of the various 
opacifying media used today in intravenous 
urography. The medium of choice in this 
institution is renografin (Squibb), because 
of its relative safety and index of excellent 
After preliminary lamina- 
graphic cuts of the abdomen are made to 
delineate the most accurate level for kidney 
visualization, 50 cc. of renografin is in- 
jected as rapidly as possible into the ante- 
cubital vein. Decholin circulation time 


studies are done prior to the injection of 


renografin and 5 cc. of decholin is mixed 
with the intravenously administered reno- 
grafin. Depending on the circulation time 
obtained from the decholin studies, tomo- 


graphic exposures at the level indicated in 
the preliminary films are made at the time 
considered optimal for opacification of the 
kidneys. Recently, we have attempted to 
pinpoint this time sequence more accu- 
rately by using radioactive iodinated hu- 
man serum albumin with renografin. A 
Geiger-Miiller counter is used over the ab- 
dominal aorta in the region of the renal 
arteries to indicate the exact time of entry 
of the radioactive tagged opaque medium 
into the abdominal aorta. 

True cysts in the kidney are generally 
manifested in nephrotomography by a well 
circumscribed outline with a radiolucent 
center, while malignant neoplasms of the 
kidney show an increase in density of the 
renal parenchyma in the tumor region, or a 
fine arborization of vessels to the tumor 
area. Evans and his associates®’ have 
demonstrated adequately the accuracy of 
nephrotomography in differentiating cyst 
from tumor. 

In this presentation, we will illustrate a 
case in which a nephrotomographic ex- 
amination showed the presence of both a 
solid transitional cell carcinoma of the 
renal pelvis, as well as an unrelated cyst of 
the same kidney, both clearly visible in the 
roentgenograms. Actually, the true nature 
of the two lesions was not appreciated by 
either the Radiology Department or the 
Urologic Section until the surgical pro- 
cedure was carried out, but the diagnosis of 
two unrelated lesions could have been made 
with a more careful evaluation of the 
roentgenograms. 

The literature reveals a number of cases 
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of two unrelated lesions of the same kidney, 
as well as associated double lesions. Cun- 
ningham,‘ in 1916, reported a case of a 
solitary cyst and an unrelated carcinoma of 
the same kidney. In 1928, Colston® also re- 
ported a solitary cyst and a papillary cyst- 
adenocarcinoma occurring simultaneously 
in one kidney. Neff,’* in 1932, described a 
case of Wilms’ tumor in a pre-existing cyst. 
Ezickson and Greene,’ in 1937, published a 
case of adenocarcinoma developing in the 
wall of a single cyst. Prather," in 1950, dis- 
cussed the problems in the differential di- 
agnosis between tumor and cyst. He con- 
cluded that surgical exploration was neces- 
sary in any space-occupying lesion of the 
kidney. He showed a pathologic specimen 
of a double lesion: a cyst of the upper pole 
and a carcinoma involving the middle and 
lower portions of the same kidney. 

Triska,”! in 1951, recorded a case with a 
benign papilloma of the superior renal 
calyx with an unassociated cyst of the same 
kidney. Lewis and Kimbrough,” in 1952, 
described a case of bilateral hypernephro- 
ma, associated with polycystic disease. 
In 1953, Pagel’ presented a case of renal 
pelvic papilloma with an unrelated cyst of 
the same kidney. His review of the world 
literature at that time revealed only one 
such previously reported case, that by 
Triska in 1951. Johnson,! in 1953, pub- 
lished a case of carcinoma in a polycystic 
kidney. Sease,”’ in 1953, reported a case of a 
multiloculated cyst of the kidney with 
malignant changes. Borski and Kimbrough,’ 
in 1954, demonstrated a case of bilateral 
carcinoma in polycystic renal disease. 
Emanuel,’ in 1954, presented 2 cases of 
clear cell carcinoma occurring in a solitary 
cyst wall. In 1954, Gibson® reported 3 cases 
of double lesions of the same kidney. He de- 
scribed a cyst with a sarcoma, a cyst witha 
clear cell carcinoma and a cyst with a 
granular cell tumor of the kidney. 

Schweibinger and Hodges,!* in 1955, re- 
viewed the literature and added 2 cases of 
unrelated double kidney lesions. One of 
their cases was a large cyst with an unas- 
sociated papillary transitional cell carci- 
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noma arising from the superior calyx, The 
second case was that of a cyst of the lowe; 
pole with an unassociated adenocarcinom 
of the upper pole of the same kidney. 
Provet, Lisa and Trinidad," in 1956, t¢. 
ported a case of tubular carcinoma within, 
solitary cyst. Marchetto and Zeitel,' jp 
1956, described 2 cases of carcinoma and 
polycystic disease in horseshoe kidneys, 
Ritter and Johnson,!* in 1956, maintained 
that the differential diagnosis between cyst 
and tumor was subject to a very high per. 
centage of error and advocated surgical ex. 
ploration of all masses of the kidney. Their 
conclusions were based on their own find. 
ings and reported data” that about 2 per 
cent of all cases of solitary cysts of the kid. 
ney have associated tumor within the cyst 
walls. Additionally, 30 per cent of hemor. 
rhagic cysts show carcinoma within them, 
and 2 per cent of even clear fluid cysts are 
malignant. Although Ritter and Johnson 
mention the use of aortography and lami 
nagraphy in their diagnostic procedures, 
they did not use nephrotomography. They 
present 7 cases, one of which was that ofa 
small cyst, 2.5 cm. in diameter, with an ap- 
parently unassociated hypernephroma of 
the same kidney. 

A review of the literature has shown only 
one case (that reported by Schweibinger 
and Hodges) with pathologic findings simi- 
lar to ours. The following is the second 
proved case report of a transitional cell 
carcinoma of the kidney with an unrelated 
cyst of the same kidney. 


REPORT OF A CASE 


This was the first admission of a seventy 
year old white male, who entered Montefiore 
Hospital with a history of gross hematuria, 
dysuria and frequency of twenty-four hours 
duration. The past history included intermit- 
tent episodes of similar nature in the two years 
prior to admission. An abdominal roentgeno- 
gram taken at another hospital during his first 
such episode showed a questionable calculus in 
the left renal area. No further work-up was 
carried out after a spontaneous remission o 
symptoms. 

Physical examination on admission was un- 
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Fic. 1. Intravenous pyelogram showing normal 
right-sided collecting system with poor visualiza- 
tion of left upper urinary tract. A moderate pyel- 
ectasia is seen on the left. 


remarkable except for some mild tenderness in 
the left costovertebral angle region. The 
prostate was not enlarged. Intravenous pyelog- 
raphy showed an enlarged left kidney with poor 
excretion of opaque medium on this side. There 
was a moderate pyelocaliectasia on the left 


lic. 2. Retrograde pyelogram showing irregular fill- 
ing defect of the left renal pelvis representing the 
transitional cell carcinoma found at surgery. 
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Fic. 3. Nephrotomogram showing the large spheroid 
radiolucency of the upper pole of the left kidney 
representing a large cyst. The neoplasm of the 
renal pelvis of the same kidney is not well de- 
lineated. 


(Fig. 1). The left ureter was normal. The col- 
lecting system of the right upper urinary tract 
was normal. 

Left retrograde pyelography demonstrated 
an irregular contour defect of the renal pelvis 
suggesting a malignant renal neoplasm (Fig. 2). 

Nephrotomography done the following day 
showed a large, 8 cm. spheroid radiolucency in 
the upper portion of the left kidney “suggestive 
of a cyst” (Fig. 3 and 4). 

At cystoscopy, a small papilloma of the blad- 
der was found. It was felt that the bladder 
papilloma was a metastatic seeding from the 
probable carcinoma of the renal pelvis. 

On February 20, 1957, through the usual 
kidney incision, the left kidney area was ex- 
plored. The operating surgeon, after inspecting 
the left kidney, decided to further expose the 
kidney through a left lower quadrant “‘hockey- 
stick” incision. The surgeon then removed the 


Fic. 4. Same as Figure 3. 
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ic. 5. Photomicrograph showing thinned out kid- 
ney parenchyma and cyst wall with no tumor 
(35 X). 


left kidney, ureter and a section of the bladder 
in continuity. 


The gross specimen* showed a kidney 
measuring 12X7X65.5 cm. in size with 
mild pyelectasia. On the superior aspect 
there was a large cyst measuring approxi- 
mately 7X6X5 cm. in size, with a thin 
transparent wall surrounded by a _ pale 
grayish capsule. In the pelvis there was a 
soft cauliflower growth measuring 5X5 X3 
cm. in its greatest dimension. Part of the 
tumor appeared necrotic and reddish gray 
in appearance. 

Microscopic sections demonstrated com- 
pressed renal tissue and compression of the 
renal capsule immediately adjacent to the 
cyst. Some areas around the cyst showed 
no evidence of renal parenchyma except 
for a thin shell of fibrous connective tissue. 
The cyst wall was well demonstrated. 
There was no evidence of neoplasm in or 
associated with the cyst wall (Fig. 5). The 
tumor of the kidney pelvis showed marked 
atypism and moderate hyperchromatism 
with mitoses being present (Fig. 6 and 7). 
There was a broad base with some exten- 
sion of the tumor into the muscular wall. 
The final impression was a papillary transi- 
tional cell carcinoma of the renal pelvis and 
a large unassociated renal cyst of the same 


kidney. 


* We are indebted to the Pathology Department, Division of 
Laboratories, for the gross and microscopic descriptions of the 
specimens. 


Pisano, Rosen, Rubinstein and Jacobson 


Ocroser, 1958 


lic. 6. Photomicrograph showing transitional cel] 
carcinoma of left renal pelvis (95 X). 


Fic. 


7. Same as Figure 6. Different field (95x). 


A three month follow-up showed the pa- 
tient to be in good physical condition and 
asymptomatic. Follow-up cystoscopy and 
intravenous pyelography revealed normal 
findings. 


DISCUSSION 


In no instance in our experience has 
nephrotomography proved its value more 
strikingly than in the case we have just de- 
scribed. On intravenous and_ retrograde 
pyelography, a tumor in the left renal pelvis 
was demonstrated, but the presence of an 
additional space-occupying mass (a cyst) 
could not be recognized. 

In the nephrotomographic examination, 
a solid mass in the region of the pelvis of 
the left kidney was adequately demarcated, 
and although the cyst was outlined, the 
true nature of the two separate lesions was 


Ww 


in 
uns 
car 
A 
bl 
the 
ray 
Ha 
Mc 
21¢ 
Ne 
I 
} 
4 


Rs 198 Hl Vor. 80, No. 4 Carcinoma and Cyst in Same Kidney 607 


not clearly appreciated until after the sur- Maine M. A., 1954, 45, 189-191. 

gical procedure. It is only with nephroto- 0. Evans, J. A., Dustuier, W., Jx., and Mov- 
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possible preoperativ ely. Also by this meth- 7. Evans, J. A., Monrerrn, J. C., and Dusitier, 


od, separate and distinct lesions in the W., Jr. Nephrotomography. Radiology, 1955, 

same kidney may be diagnosed accurately. 64, 655-663. . be 

ha diz by intravenous and/or ret 8. Ezickson, W. J., and Greene, L. B. Solitary 
such a diagnosis by 1 cyst of kidney with adeno-carcinoma in walls 
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relatively unlikely. As experience with 9g. Gipson, T. E. Interrelationship of renal cysts 
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centers Jounson, W. F. Carcinoma in polycystic kid- 
in busy teaching centers, where rena 


masses are commonplace. 11. Lenrino, W., Zerret, B. E., Jacosson, H. G., 
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We have presented a case of a large cyst 
of the upper pole of the left kidney with an 
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THE INTRAVENOUS UROGRAM IN 
ACUTE LEUKEMIA* 


By LEE B. LUSTED, M.D., BYRON E. BESSE, Jr 


M.D.,t 


and RICHARD FRITZ, M.D.t 


ROCHESTER, NEW YORK 


IDNEY enlargement in patients with 
acute leukemia usually is attributed to 
infiltration with leukemic cells.!:4~7:?!° How- 
ever, it has been observed at the Clinical 
Center that renal enlargement is common 
in patients dying with acute leukemia and 
is not necessarily caused by leukemic cell 
Since kidney enlargement may or may 
not be caused by leukemic cell infiltration, 
we wondered whether intravenous pyelog- 
raphy would enable us to decide which 
kidneys were enlarged as a result of leu- 
kemic infiltration. This paper presents the 
results of the investigation which was made 
to answer this question. 


MATERIAL AND METHOD 

All patients in this study were admitted 
to the Chemotherapy Service, National 
Cancer Institute, with a diagnosis of either 
acute lymphocytic or acute myelogenous 
leukemia. A total of 85 patients were seen; 
41 children and 44 adults. Some patients 
were acutely ill at the time of admission 
and died before treatment could be started. 
All other patients did receive some type of 
chemotherapy. 

Postmortem examination was performed 
on all patients. A gross and microscopic 
study of each kidney was made by Dr. 
Fritz to determine the amount of leukemic 
cell infiltration. The degree of infiltration 
was estimated as the fraction of the total 
kidney weight. 


Intravenous urograms were studied of 


all patients (a) who had kidney enlarge- 
ment demonstrated on the scout roentgeno- 
gram of the abdomen, (b) who had had 
urography within a thirty day period prior 


lic. 1. J.P., a sixteen year old female with acute 
myelogenous leukemia. Postmortem examination 


showed leukemic infiltration estimated at less 
than 10 per cent of the weight of the kidney. Most 
of the infiltration was in the cortex. Interstitial 
edema, dilatation of tubules and multiple hemor- 
rhages in parenchyma. 


to death, and (c) who did not have a remis- 
sion during the thirty day period prior to 
death. Of the 8 (6 children and 2 adults) 
patients in this group, postmortem exam- 
ination revealed that 3 had an estimated 
leukemic cell infiltrate of the kidneys of 7§ 
per cent or greater and 5 had an estimated 
infiltrate of 20 per cent or less. 


ROENTGENOGRAPHIC FINDING 


All of the intravenous urograms showed 
that the calyces and infundibula were elon- 


* From the Diagnostic X-ray Department, Clinical Center, and the Chemotherapy Service, National Cancer Institute, National 


Institutes of Health. 


T Present Address: Department of Radiology, Jefferson Medical College, Philadelphia, Pennsylvania. 
t Present Address: Department of Medicine, The Johns Hopkins University School of Medicine, Baltimore, Maryland. 
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Hic. 2. C.S., a four year old male with acute lympho- 
cytic leukemia. Leukemic infiltration estimated at 
less than 10 per cent of the weight of the kidney. 
Interstitial edema and dilatation of all tubules 
was found. Cortex was chief site of leukemic in- 
filtration. 


gated without real deformity (Fig. 1-4). 
The renal pelves were enlarged without 
evidence of obstruction. Some decrease in 
kidney function was noted in kidneys with 
and without leukemic infiltration so that 
this observation could not be used to iden- 
tify the infiltrated kidneys (Fig. 3 and 4). 
This roentgen appearance, also described by 


Fic. 4. S.M., a three year old male with acute 
lymphocytic leukemia. Postmortem examination 
revealed diffuse leukemic infiltration throughout 
the entire cortex and medulla. 


Fic. 3. A.D., a four year old male with acute 
lymphocytic leukemia. Over 50 per cert of the 
weight of the kidney was estimated to be leukemic 
infiltrate. Cortex showed hemorrhage ard hemor 
rhagic necrosis. 
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Gowdey and Neuhauser,' does seem char- 
acteristic of the kidney in leukemia but it 
does not necessarily result from leukemic 
cell infiltration. The same picture may be 
observed when the kidney is edematous or 
the parenchyma contains extensive hemor- 
rhage. One may speculate that some of the 
kidneys in the 3 nonautopsied cases of leu- 
kemia reported by Gowdey and Neuhauser* 
were not infiltrated with leukemic cells. 
After the first careful study of the intra- 
venous urograms, all identifying marks on 
the films were removed. The urograms then 


were laid aside and after an interval of 


three weeks they were re-examined. 

The authors are convinced from these ex- 
aminations that it is not possible to defi- 
nitely identify leukemic cell infiltration in 
the kidneys from the intravenous urogram. 


SUMMARY 


Intravenous urography does not help 
to differentiate the kidney enlargement 
caused by leukemic cell infiltration from 
the enlargement caused predominantly by 
edema or hemorrhage. 


Lee B. Lusted, M.D. 
Strong Memorial Hospital 
260 Crittenden Boulevard 
Rochester 20, New York 


L. B. Lusted, B. FE. Besse, Jr. and R. Fritz 


Ocroser, 
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KIDNEY SIZE IN ACUTE LEUKEMIA* 


By BYRON E. BESSE, Jr., M.D.,t JACOB E. LIEBERMAN, M.S., and LEE B. LUSTED, M.D.{ 


ROCHESTER, NEW YORK 


NUMBER of papers have been writ- 
A ten dealing with the size of kidneys 
measured on roentgenograms or at post- 
mortem examination. Moéll’ refers to sev- 
eral of these in his article on the size of nor- 
mal kidneys. This article is of considerable 
interest because it gives “normal” values 
which were obtained from a comparatively 
large series of observations, and it gives 
certain conclusions on sex and left and right 
kidney differences. 

Some patients with acute leukemia have 
enlarged kidneys while some do not. As 
part of an extensive and continuing study 
on patients with acute leukemia,” we have 
measured kidney size on a series of roent- 
genograms. 

The purpose of this paper is to evaluate 
Moéll’s method of measurement on kid- 
neys of patients with leukemia and to as- 
certain whether the conclusions reached by 
Moéll hold for the group under considera- 
tion. 


MATERIAL AND METHOD 

The material consisted of 38 patients, 
22 children and 16 adults, with acute leu- 
kemia, who were admitted on the Chemo- 
therapy Service, National Cancer Institute 
(Table vir and vu). All patients received 
chemotherapy except the few who were 
acutely ill on admission and died before 
treatment could be started. 

Scout roentgenograms of the abdomen 
were taken in the standard anteroposterior 
projection with a uniform target film dis- 
tance of 100 cm. The maximum length and 
maximum width of the kidney were meas- 
ured independently on four occasions (by 
B.E.B. and L.B.L.) following the procedure 
described by Moéll. 


The median examination time of the 


series was fourteen days prior to death and 
no examination was included which was 
obtained more than ninety days prior to 
death. 

The area of the kidney was estimated in 
two ways by Moéll: (1) by using the for- 
mula for the area of an ellipse 74=x(3 
length) X (3 width) and (2) by measuring 
the kidney area with a planimeter. He 
found a good agreement between the areas. 
In this paper the areas are those calculated 
by the ellipse formula from direct measure- 
ments of kidney length and width. The 
standard deviation (S) is shown for the 
kidney dimensions and kidney area. 

A postmortem examination was_per- 
formed on all patients. A gross and micro- 
scopic inspection of each kidney was made 
by Dr. Richard Fritz? of the National 
Cancer Institute, and an estimate was 
made of the degree of leukemic cell infiltra- 
tion as a percentage of total kidney mass. 

The results obtained in the present in- 
vestigation are recorded in Tables 1 to vim. 

SIZE OF THE KIDNEYS 

An analysis of our data, which are par- 
tially summarized in Table 1, confirmed the 
conclusions of Moéll’s paper. The data on 
roentgenographic measurements of area on 
the kidneys of leukemic children showed 
that: (1) the kidneys were smaller in the 
female children than in the male children. 
The sex difference for the sample of pa- 
tients under consideration was statistically 
significant; and (2) in both sexes the left 
kidney was somewhat larger than the right. 
This statement is made to parallel that of 
Moéll. If the word “‘somewhat”’ as used by 
Moéll is intended to mean nonsignificance 
in the statistical sense then this statement 
can also be confirmed by the data at hand. 


* From the Diagnostic X-ray Department, Clinical Center and Biometrics Branch, Division of Research Services, National Insti 


tutes of Health. 
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TABLE I 


SIZE OF KIDNEYS OF LEUKEMIC CHILDREN AS MEASURED FROM 
ROENTGENOGRAMS BY SEX AND SIDE 


Right 

Sex 
Length Width Area 
cm. cm. cm.? 
5.6 S158 
S 253 0.80 18.1 
of [2.6 6.6 69.1 
S 2.3 1.9 30.1 


As a matter of fact, it can be stated from 
an analysis of these data that after a ran- 
dom selection of a subject has been made, 
there is approximately a fifty-fifty chance 
that the left kidney would measure larger 
than the right kidney. 

The data for adults which are partially 
summarized in Table ut also confirmed 
Moéll’s conclusion that a sex difference in 
size of kidneys does exist; however, Moéll’s 
statement concerning left and right kidney 
size differences does not agree with our 
data. It can be seen from Table 1 that for 
females, the average area of the right kid- 
ney of 71.4 cm.” is larger than the area of 
the left kidney of 64.6 cm.”. This undergoes 
a reversal for the males, where the average 
right kidney size is 78.5 cm.? and the left 
kidney size is 81.9 cm.”. 

Since right-left kidney differences are 
unimportant, the left-right differentiation 
was omitted from Table 11 which compares 
the total kidney areas obtained by Moéll 
and the present series. 


Left 

Total 

Length Width Area Area 

cm. cm. cm." cm.” 

12:0 66.3 108.1 

2.3 22.1 39. 

12.8 6.5 69 3 138.4 

3.0 36.3 71.9 
An attempt was made to compare 


Moéll’s data with the present data, statis. 
tically. However, it was difficult to assign 
a clear meaning to the 


“S” value given by 
Moéll in his tables. 


MASS OF THE KIDNEYS 


Moéll’s article states that Thoma found 
the left kidney 5 to 7 per cent heavier than 
the right kidney with the total average 
mass of 316 gm. in males and 292 gm. in fe- 
males. It is also stated that Roessle and 
Roulet found the kidney mass in adult 
males (from twenty to fifty-five years) to 
be in the range of 260-280 gm. and in fe- 
males in the range of 240-260 gm. 

The masses of the kidneys found in the 
present study are summarized in Tables Iv 
and v. These were wet masses obtained at 
autopsy. 

As may be noted, the average kidney 
mass of females was about 82 per cent of 
the average male kidney mass and the 
average children’s kidney mass was ap- 


TABLE II 


SIZE OF KIDNEYS OF LEUKEMIC | 


ADULTS AS MEASURED FROM 


ROENTGENOGRAMS BY SEX AND SIDE 


Right 


Sex —— - 
| Length Width Area | 
cm. cm. 
of 14.4 6.9 
S 0.9 12.4 


Left 


Total 
Area 

Length Width Area 
cm. cm cm.” 
6.3 64.6 136.0 
1.6 0.9 28.9 
14.8 7 81.9 160.4 
0.g 29.8 
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TABLE III 


COMPARISON OF TOTAL KIDNEY AREAS (CM.*) OB- 


raAINED BY MOBLL AND IN THE PRESENT SERIES 


Present Series 


Sex Moéll — 
Adults Children 
Female 119.3 136.0 108.1 
Male 129.6 160.4 138.3 


TABLE 1V 


\VERAGE MASS OF KIDNEYS (GM.) FOR CHILDREN AND 
ADULTS BY SEX 


Children Adults Sex 
Male 240.5 225.3 
Age 183.9 231.9 
proximately 79 per cent of the average 


adult kidney mass. The left-right mass dis- 
tinction, however, was not too clear. 

For both children and adults, the left 
kidney on the average was heavier than the 
right kidney (185.4 to 182.5 for children 
and 235.0 to 228.7 for adults). Note, how- 
ever, that this mass difference was not uni- 
form for sex or age and that reversals in 
kidney mass occurred within sex and age. 
In view of these reversals it is doubtful 
whether the left-right mass difference can 
be established. 


SIZE OF THE KIDNEYS RELATED TO 


BODY SIZE 
Moéll states, ““The total area of the kid- 
neys in females was smaller than in males 
with a probability of 99 per cent but, on 
correlation with m.? body surface, this dif- 
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VI 
\NALYSIS OF ERROR VARIANCE IN 
ADULT DATA 
. .. .|Degrees of} Sum of Mean 
Source of Variation) 
Freedom | Squares | Square 
Within sex, unad- 
justed sizes 13 5,905.27 
Reduction due to 
regression of 
body mass I 1,156.26! 1,156.26 
« 


Errors for ad- 


justed gains 12 4,749-O1| 395.75 
1,156.26 

= 2.92 
395.75 


ference was not statistically significant.” 
The implication is that “the shape of the 
kidney, like, for example, the shape of the 
heart corresponds to general body build.” 
This is a recognition of the fact that a com- 
parison of kidney area between male and 
female may be mainly a comparison of 
body size, and, of course, the female kidney 
will be shown to be smaller than the male 
kidney. 

Because it is difficult to obtain m.? body 
surface, under most conditions, particu- 
larly if an accurate measurement ts desir- 
able and necessary, body mass has been 
substituted for body surface. Thus, using 
mass as the concomitant variable, the 
standard procedure of regression analysis® 
can be used to test whether female and 
male kidneys differ in size, independently 
of differences in male and female body 
sizes. For these samples of leukemic chil- 
dren and adults, the adjustment of the data 
to body mass still leaves a sex difference in 
size of kidneys. Table vi shows that the re- 


TABLE V 


AVERAGE MASS OF KIDNEYS (GM.) FOR CHILDREN AND ADULTS 
BY SEX AND LEFT-RIGHT SIDE 


Children Adults 
Male Kemale Both Sexes Male Kemale Both Sexes 
Left 201.3 1§9.5 185.4 251.2 218.7 235-0 
Right 215.0 150.0 182.5 229.7 227.7 228.7 
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BODY MASS (KILOGRAMS) 
lic. 1. Total kidney area versus body mass in adults 
and children with acute leukemia. A linear rela- 
tionship is demonstrated between total body mass 
ard total kidney area. 


duction of the sum of squares of the unad- 
justed kidney size is not statistically sig- 
nificant. 

Figure 1 shows the relationship between 
kidney area and body mass. It is obvious 
that a large part of the variability in the 
total kidney mass is accounted for by dif- 
ferences in body mass. Another way of say- 
ing this is that there is a functional relation- 
ship, in this case a linear relationship, be- 
tween total kidney area and body mass. 
This relationship is different for adults and 
children; the slope of the linear relationship 
for the children is much steeper than the 
slope of the linear relationship for the 
adults. This means that the kidney area in- 
crement per unit body mass is larger for 
the child kidney than for the adult kidney. 
It seems safe to state that the male and 
female area-mass relationships are parallel 
in both children and adults. 
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lic. 2. Average mass of a single kidney versus tot: 
body mass in adults and children with acute lev- 
kemia. Note that the regression lines for adults 
and children are nearly parallel. 


Figure 2 gives the regression of kidne) 
mass on body mass. The kidney mass used 
here is the average of the left and right 
kidney masses. The conclusions stated in 
the previous paragraph on the regression of 
kidney area on body mass hold also for the 
data in Figure 2. 

A possible answer to the question, 
whether the area as determined from the 
roentgenogram is indicative of the “feal’ 
substance comprising the kidney may be 
obtained from Figure 3. In this graph, kit 
ney size is plotted against the kidney mass. 
In order to keep the dimensionality the 
same for the ordinate and abscissa, the 
masses have been transformed to a pseudo 
mass which consisted of the two-thirds 
power of the mass. The graph clearly ind- 
cates the direct relationship between ki¢- 
ney size and kidney mass, and _ therefore 
any of our conclusions which were based 0 
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TaBLe VII 


DATA ON ADULTS WITH ACUTE LEUKEMIA 


Total Area Mass Last 
Dimension Area of 
Kid Area ot [nfl ot Film 
Age of wre ldneys of Body Kidneys Prior 
Pa- Sex Kid- | Sur- _— Au- 
tient R i R L neys face R L | topsy 
yr. cm. cm. cm.? cm.? m.2 Per Cent, gm. | gm. | da. 
OM 30 14.4X6.5 | 14.6X5§.9 | 73-5 | 67.6 | 141.1 | 1.57 less § 150 | 35 
i S.B. | M 56 14.6X7.5 | 14.7X7.8 | 86.0 | 90.0 | 176 less 25-30! 230 | 270 8 
A.C. | M 22 14.8X6.5 | 14.8X6.6 | 75.5 | 76.7 | 1§2.2 less 5 250 | 250 18 
G.C. M §2 16. | 16:68 .6. | 229.2 10-20 26 32 
SD. | 30 | «13 6.3 | 13.2X6.0 | 64.3 | 62.2 | 126.5 | 1.53 270 | 240 7 
M.F | 78 12.9X6.9 | 76 69.9 146.6 245 11 
| 46 | 102.1 | 1.33 O 17 160 
R.H. | F 34 14.76.13 | 19.4%6:7 | 70.4 | 89.0 | 18924 20 250 | 300 3 
N.M. | F 48 13.1X8.4 |] 10.9X7.4 | 86.4 | 63.3 | 149.7 | 1.51 * 180 | go 33 
M.P. | I 70 12.7X5.4 | 12.5X4.8 | §3.8 | 47.1 | 100.9 | 1.33 30 162 | 150 42 
FP. | Mi 42 12.8X6.4 | 12.9X6.4 | 64.3 | 64.8 | 129.1 | 1.58 | less 1 250 | 280 | 20 
LP. |M| 465 13.5X6.3 | 13.6X7.1 | 66.8 | 75.8 | 142.6 | 1.66 10 208 | 220 3 
1, GS. M 39 14.8X6.0 | 15.2X6.5 | 69.7 | 77.6 | 147-3 | 1.98 | less 5-1 280 | 270 75 
29 16.2X8.2 | 15.0X7.1 |104.3 | 83.6 | 187.9 | 1.84 | less 1c 41 34 9 
AS. | M 47 14.2%7.2 | 16.7%X7.4 | 86.3 | QE.2 | I7PL§ | 1.83 1O-15 210 | 26 2 
ay. | F 33 12.9X6.2 | 13 §.9 | 62.8 | 60.2 | 123 1.26 less § 135 | 155 | 49 
sus tota 
‘ute lev- : 
r adults | kidnev size would hold when kidney mass ; 
is substituted for kidney size. dees: 
Since there is a direct relationship be- "(FEMALE 
, tween kidney size and kidney mass, it 1s {MALE @ 
kidne\ CHILDREN \ FEMALE 
, | possible to proceed one step further by ask- 
| ing whether there is a relationship between 
dl kidney size and degree of leukemic cell in- = & ® 
filtration. Figure 4 shows the results of 2 
sion 0 
rae this study and indicates that the amount —< 
orthe 
ot kidney enlargement is not necessarily oe rN 
related to the degree of infiltration. Be- = & ‘ 
est Cause at autopsy the kidneys were found 
rea)” to be enlarged and to contain leukemic a 
rea “alla € x 
it should not be assumed that  § 
vay be e 
the renal enlargement demonstrated on the 
) scout roentgenograms of the abdomen must = 4 
mass. 
‘; be caused by leukemic infiltration.* Fre- 
ty tne 
| quently, edema and parenchymal hemor- 
) thage are the cause of renal enlargement in 
af All conclusions in this paper should have 
n kid the modifying phrase “for this set of data. Fic. 3. Mass (to the 2/3 power) of a single kidney 
f versus the average of a single kidney for leukemic 
> ‘USS J . . ° 
adults and children. Note the parallel relation for 
sed on Che patients under study were not se- adults and children. 
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lected at random, nor were they representa. 
AUNTS | reer tive of the leukemic population under some 
° restricted random sampling. In compilj 
FEMALE Piling 
our data, we did not consider the following 
points: (1) Uniformity of time betweey 
a! diagnosis and abdominal roentgenography, 
and (2) type of treatment and duration of 
vat treatment of each patient prior to the time 
of roentgen examination. 
Such considerations are important be. 
cause future studies with these points in 
m mind may indicate whether or not change 
5 in kidney size is a reliable indicator of leu- 
| kemic therapy efficacy. However, the data 
" 7 for this study are adequate to support the 
20 } | 
Fic. 4. Estimated degree of leukemic cell infiltration 
versus average area of the kidneys. Note that kid- 
30 50 70 90 10 130 |50. 170 ney size does not give an indication of the amount 
AVERAGE AREA OF SINGLE KIDNEY (cm2) of leukemic cell infiltration. 
Tas_e VIII 
DATA ON CHILDREN WITH ACUTE LEUKEMIA 
Total | Area Mass Last 
Dimension Area of roa of at Film 
Aec of Kidneys Kidneys of | Body Infiltra- Kidneys | Prior 
Sex Kid- | Sur- aaa Au- 
R i, R L neys | face R L. | topsy 
vr. cm. cm. om? | cm." | m.? | Per Cent! gm. | gm. | da. 
15.0X6.9 | 15.6X7.8 | 81.3 | 95.5 | 176.8 | 0.99 | less 15 | 160 | 180 | 83 
M 12 15.5X8.6 | 17.1X8.5 |104.7 |114.1 | 218.8 | 1.16 | less 10 | 240 | 250] 23 
M |31 mo.| 10.2X5.0 | 11.4X5.2 | 40.0 | 46.5 86.5 | 0.61 33 140 | 100 2 
M 7 |18.0X11.4]17.5X11.3 |161.1 |155.2 | 316.3 | 0.93 100 820 | 770| 8 
I 12 13.4X5.9 | 13.5X6.1 | 62.1 | 64.6 | 126.7 | 1.12 large | 190 | 230 | 30 
M 4 13.6X6.7 | 14.8X6.4 | 71.5 | 74.4 | 145.9 over 50 | 270 | 290] 3! 
F 3 I0.OX$5.1 | 9.3X4.4 | 40.0 | 32.1 72.1 | | fe) 120 | 110 I 
M 2 | 12.0X5.3 | 11.9X5.5 | 49-9 | 51-4 | 101.3] 0.56] 25 85 | 80} 48 
M 9 11.2X5.1 | 11.5X4.9 | 44-8 | 44.2 | 89.0 | 1.08 |less §-10| g0| 105] 1! 
F 6 10.8X5.5 | 13.1X6.1 | 46.6 | 62.7 | 109.3 | 0.78 | over 50 | 240 | 240 9 
M 8 | 12.2X6.3 | 11.2X5.8 | 60.5 | §1.0 | 111.5 | 15-20 | — 6 
M| 8 | 14.2X6.§ | 15.4X7.2 | 72.5 | 87.0 | 159.5 | 1.10 | less 10 | 210 | 260} 39 
M |16 6.4X3.7| 6.7X3.8 | 18.6 | 20.0] 38.6] 0.52] 10-20 45} 48] 7 
M 3 12.4X6.8 | 11.0X%5.6 | 66.2 | 48.4 | 114.6 | 0.63 | 130 | 90} 59 
3 9.0% Sed | | 40.7 49.2 | 89.9 | 0.61 | - 150 170 31 
7 | 10.0X5.0 | | 47.8 | 87.1 | 0.69 | less 10 30 | 130 2 
F 4 9.1X4.7 9-OX4.4 | 33-6 | 31.1 | 64. | less 5 120 | 120] §0 
16 | 1§.5X7.0 | 15.3X7.§ | 85.2 | | 176.3| — less 10 | 190 | 210 | 34 
M 4 14.3X7.1 | 13.1X7.5 | 79.7 | 77.1 | 156.8 | 0.69 | less 10 | 120 | 120 4 
F g | 11.6X%5.0 | 11.2X4.8 | 45.5 | 42.2 37.7 | 0.92 | less 5 80 | 85 4 
| F 7 | 10.3%56.9 | 43-3 | 47-7 | | 1.92 15-25 120 | 120] 14 
i M}| 3 11.6X6.5 | $9.2 | 61.8 | 121.0 | 0.75 | less 10 | 16 
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conclusions on kidney size with respect to 
sex differences and adult and children dif- 


| ferences. Also these data provide nearly 


ideal material by which to test Moéll’s 
methods and procedure. 

Moéll considers “normal” kidney size, 
“normal” kidney weight, etc. The question 
arises as to whether such consideration of 
normal is feasible. It is our experience that 
observer bias In measurement does occur; 
that two observers measuring the same 
roentgenogram often will have different 
answers and that this difference is not hap- 
penstance but statistically significant. Each 
observer may have a constant bias in meas- 
urement of roentgenograms. If an observer 
measures the size of the kidneys of a pa- 
tient before and after treatment, his meas- 
urement error is the same for the before 
and after films. But the difference caused 
by treatment is independent of the observ- 
er. Thus, the use of roentgenograms for 
measurement of kidney size can be helpful 
to detect differences in kidney size. 

CONCLUSIONS 

1. Measurements of kidney size from the 
scout roentgenogram of the abdomen give a 
valid indication of kidney size and mass. 

2, The extent of kidney enlargement in a 
patient with acute leukemia is not related 
to the degree of leukemic cell infiltration. 
Lee B. Lusted, M.D. 

Strong Memorial Hospital 


260 Crittenden Boulevard 
Rochester 20, New York 
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SIMULTANEOUS CHOLECYSTOGRAPHY AND UROG. 
RAPHY WITH A NEW MEDIUM “DUOGRAFIN”# 


By THEODORE L. 


ORLOFF, M.D. 


PHILADELPHIA, PENNSYLVANIA 


OLLOWING the introduction of cholo- 

grafin, it was possible to visualize the 
hepatic and common ducts in cholecystec- 
tomized patients. Recently a new radio- 
paque preparation for simultaneous visual- 
ization of the biliary and renal systems 
(Fig. 1) was introduced (duografint). It 
is a mixture containing 40 per cent reno- 
grafin for urography, and 20 per cent cholo- 
grafin for cholecystography and choledo- 
chography, both media present as the 
methylglucamine salt in aqueous solution. 

Duografin contains in each cubic centi- 
meter 400 mg. of renografin acid, 200 mg. 
of cholografin acid and 198 mg. of methyl- 
glucamine. Chemically renografin acid is 3, 
s-diazetylamino-2,4,6-triiodobenzoic acid; 
cholografin acid is N-N’-adipyl-bis (3- 
amino-2,4,6-triiodobenzoic acid). Renogra- 
fin acid contains 62.1 per cent of bound io- 
dine; cholografin acid contains 66.8 per 
cent; and the solution supplied as duo- 
grafin, 38.2 per cent or 382 mg. of bound io- 
dine per cubic centimeter. The solution has 
a pH of 7.22 and a specific gravity of 1.430. 
The viscosity of duografin is 28 centipoises. 

Following intravenous administration, 
renografin is carried to the kidneys and ex- 
creted in sufficient concentration to permit 
optimum opacification of the renal struc- 
tures within seven minutes. Cholografin, 
following intravenous administration, is 
carried to the liver where it is rapidly 
secreted. The cholografin reaches optimum 
opacification in fifteen minutes, permitting 
visualization of the hepatic and common 
ducts. The gallbladder is visualized best 
within two to two and one-half hours 
(Fig. 2). 

TECHNIQUE OF EXAMINATION 
The examination is best carried out in 


T E. R. Squibb & Sons. 


the morning. The patient is instructed fp 
have nothing to eat or drink after retiring 
the night before; however, a laxative, sueh 
as castor oil or compound licorice powder 
may be taken. 

Fifty milligrams of pyribenzamine js 
given orally thirty minutes to one hour be 
fore the examination. Those patients with 
histories of drug reactions, asthma or hay 
fever should be tested with care. The test 
is made by slowly injecting intravenously 
I cc. of a test solution and observing for one 
half hour for any sign of hypersensitivity. 

The solutions should be warmed to room 
temperature and given by intravenous in 
jection over a period of five to ten minutes, 
Thirty to forty cubic centimeters of the 
medium are used in order to obtain opti- 
mum contrast. The supine position with the 
left side elevated is used for duct visualiza- 
tion. The usual technique is employed for 
roentgenography of the kidneys, ureters 
and bladder. 

TOXICITY 

Animal. In tests carried out at the 
Squibb Institute for Medical Research,! 
duografin was injected intravenously into 
10 mice in single doses equivalent to 3,162 
and 1,608 mg. per kg. of body weight of the 
methylglucamine salts of renografin and of 
cholografin, respectively. No deaths oc- 
curred during the ten day observation. 
Four days after the injection, one mouse 
exhibited signs of middle ear infection 
which persisted throughout the ten days. 
No abnormal signs were observed in the 
other 9 mice during the test period. 

Man. In general, experience indicates 
that both major components of duografin 
are well tolerated. Nausea and, on occasion, 
vomiting appear to be the major symptoms 
of toxic effects. 


* From the Department of Radiology, Albert Einstein Medical Center, Northern Division, Philadelphia, Pennsylvania. 


618 


VoL. 


hie. 
di 


One 
in 

du 
moa 
an 
we 


| 
| 
| of 
| obs 
C101 
nat 
Th 
| 


ted to 
tiring 
such 
owder 


ne is 
ur be. 
with 
r hay 
e test 
ously 
or One 
ity. 
room 
1S In- 
1utes, 
f the 
opti. 
+h the § Fic. 1. Simultaneous visualization of the common — Fic. 2. Satisfactory visualization of gallblader after 
duct and urinary tract after intravenous injection intravenous injection of duografin. 


aliza- 
d for 
reters 


of duografin. 
SUMMARY 


REACTIONS 
A new compound for simultaneous intra- 


No instance of a severe reaction has been yenous urography, choledochography and 
observed in a series of 25 cases. Such reac- cholecystography is described. The use of 
- the | tions as warmth, venous pain, urticaria, this medium is indicated in abdominal di- 
arch,! nausea or vomiting have not been observed. agnostic problems where the history sug- 


into gests involvement of either the biliary or 
3,162 RESULTS 
3,102 renal systems or in routine physical ex- 
of the 'wenty-five cases have been examined. aminations where time is a factor. 
nd of The common duct was visualized in all but wn 
pa . . 8665 Clifton Way 

; oc- one case. The urinary tract was visualized 

ition. J in all cases. Visualization of the common 
rouse | duct was, for the main part, only fair. Com- REFERENCE 

ctio duct visu liz ition was fair in 17 cases | Huxs W.H.H. Report of pharmacological tests. 
days. | and good in 7. The intravenous urograms The Squibb Institute of Medical Research, 
1 the | Were considered satisfactory. January 27, 1956. 
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URETEROCELE: ROENTGENOLOGIC DIAGNOSIS 
WITH REPORT OF AN UNUSUAL CASE 


By JOSEPH SELMAN, M.D.* | 


TYLER, TEXAS 


LTHOUGH the subject of ureterocele The most plausible and also the most pop. 
has been frequently reviewed in ular explanation indicts congenital stenosis 
journals of urology and general sur- of the ureteral orifice, associated with de 
it is rarely encountered in the ficient connective tissue and smooth muse¢le 
radiologic literature. Because of this, it was elements in the lower intramural ureter ad. 
considered worthwhile to discuss briefly the jacent to the meatus. The stenosis prob. 
salient features of this important urologic ably results from failure of absorption of a 
condition, especially since the radiologist normal embryonic structure—the ureteral 
may be the first in line to make the diag- membrane—in the 22 mm. embryo. This 


nosis and thereby prevent irreparable dam- embryologic defect was actually observed t 
age to the upper urinary tracts. In addition, by Chwalle* in a human embryo and te. 

an unusual example occurring in an infant ported in a classic paper (1927). The con- Oct 
recently seen by the author will be re- genital origin of ureterocele is supported by fill 
ported. the fact that other urogenital anomalies are the 


Ureterocele may be defined as a cystic found in 70 per cent of patients harboring 
dilatation of the lower end of the ureter as- _ureterocele.’ According to Campbell,” | ab 


sociated with orificial stenosis and prolapse _ there is ipsilateral complete duplication of set 
of the cyst into the bladder. This condition the urinary tract in about one-third of cre 
was first described in 1834 by Lechler who ureteroceles, and contralateral duplication tu 
incorrectly believed it to represent a double in about one-eighth. About 15 per cent of | ur 
bladder. The first case to be diagnosed patients with ureterocele have it bilater- ki 
through the cystoscope was reported by ally. In two-thirds of the cases with double H. 
Grosglik in 1g01.8 The term ureterocele kidney associated, the ureterocele drains jit 
came into general use about 1912. Thus, it the upper kidney. ur 
has been recognized as a clinical entity for 1 = th 
nearly sixty years, frequent reports having ipeinianiccs nc 
appeared in the urologic journals during A ureterocele is essentially a cyst of the ve 
this time. intramural ureter composed of two layers. R 
INCIDENCE The inner layer is derived from the ballooned ne 

. ureteral mucosa, while the outer layer 
According to Rhodes," the incidence of represents the bladder mucosa carried of 
ureterocele os about 2 igh cent of a downwards on the surface of the prolapsing W 
COPIES, Agreeing well with Campbell Ss" ureter. The two lavers meet at the stenotic ce 
figure of 1 to 2 per cent. Thus, it is by no ureteral orifice (Fig. 1B). Between the two a 
means a rare disorder. layers are found a few connective tissue s 
SEX DISTRIBUTION elements and perhaps an occasional smooth fc 


muscle cell. The orifice, which is really the 
downward displaced ureteral meatus, may 
lie at the apex of a small ureterocele, but as 


Most authorities agree that ureterocele is 
about 3 to 4 times as common in females as 
in males, this being similar to our own ex- 


; the cyst enlarges, the orifice may be shifted 0 
inferiorly and posteriorly so that it 1s n0 n 
=TIOLOGY 
ETIOLOGY longer visible through the cystoscope. The c 
There is no consensus as to the cause. cyst may remain small throughout life, but r 
* Radiology Department, Medical Center Hospita!, Tyler, Texas. h 
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Ureterocele 621 


4 UBRA HEAD 


Fic. 1. (4) Bilateral ureteroceles in a woman. The left ureterocele, which is larger than the right, presents 
the typical cobra head sign surrounded by a radiolucent halo. (B) Diagrammatic representation of the 
left ureterocele. The inner wall of the cyst is a continuation of ureteral mucosa. The outer wall is a con- 
tinuation of bladder mucosa. Both layers meet at the stenotic, displaced meatus. 


occasionally it may reach a size sufficient to 
fill the bladder, even herniating through 
the urethra.*® 

It is the secondary renal damage brought 
about by the ureterocele that is of such 
serious consequence. The progressive in- 
crease in back pressure in the ureter even- 
tually leads to hydronephrosis. If the 
ureter is duplicated, only the segment of 
kidney drained by its ureter is affected. 
However, if the ureterocele is large enough, 
it may also block the adjacent duplicated 
ureteral orifice and cause hydronephrosis of 
the duplicated kidney. If the condition’ is 
not recognized early and infection super- 
venes, the kidney is eventually destroyed. 
Rarely, a ureterocele may block the bladder 
neck and produce bilateral hydronephrosis. 

Another complication is the occurrence 
of stones. According to Lowsley and kir- 
win,® calculi occur in 4 per cent of uretero- 
cele patients—an incidence significantly 
above that in the general population. A 
stone not infrequently forms, or at least is 
found in the ureterocele itself (Fig. 2). 

CLINICAL FINDINGS 

The clinical manifestations of ureterocele 
obviously depend on the stage of involve- 
ment of the urinary tract by secondary 
changes. There are three stages in the prog- 
ress of the disease: ureteral obstruction, 
hydronephrosis, and infection. During the 


initial phase of ureteral obstruction, in 
which there is simple urinary stasis, the pa- 
tient may have no complaints because of 
the insidious onset and progress. At most, 
the patient may complain of vague abdomi- 
nal, pelvic, or lumbar discomfort. Even in 
the presence of hydronephrosis, complaints 
may be minimal. 

When infection occurs, the clinical pic- 
ture may be considered from the stand- 
point of general complaints, namely, fever 
and malaise; and localized complaints ref- 
erable to the bladder, manifested by pain, 
dysuria, hesitancy, frequency, dribbling, 
urgency, and nocturia. When the uretero- 
cele blocks the urethra, there may be inter- 
mittency of the stream, the patient dis- 
covering that urination is more easily ac- 


Fic. 2. Opaque calculus in a ureterocele, having the 
same configuration as the cyst. A large laminated 
stone is present in the bladder. 
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complished in the knee-chest position. In 
infants and children, enuresis may be the 
first sign noted by the parents. Pyuria 
which is persistent and fails to respond 
promptly and permanently to antimicro- 
bial therapy should be the clue to serious 
involvement of the urinary tract, such as 
pyonephrosis. Immediate careful urologic 
study should reveal the correct diagnosis 
and prevent progression of the disease, if it 
has not already advanced to hydronephro- 
sis and pyonephrosis with irreversible renal 
damage. 

Any patient developing hematuria in the 
presence of a ureterocele should be sus- 
pected of harboring a urinary tract stone,” 
although bleeding may rarely occur in the 
absence of a complicating stone. 


ROENTGEN FINDINGS 


At least 50 per cent,’ and possibly as 
many as 85 per cent! of ureteroceles can be 
diagnosed on the basis of carefully per- 
formed excretory urography with any of 
the standard urographic media. Further- 
more, this procedure reveals the functional 
status of the urinary tracts and may dis- 
close other urinary tract abnormalities 
such as anomalies or stones. The roentgen 
diagnosis rests on the demonstration of a 
characteristic spring onion or cobra head 
shaped opacity near the ureteral orifice in 
the opacified bladder. The cobra head 
represents the ureterocele cyst containing 
contrast material, separated from the 
opacified bladder by a thin dark line or 
halo. These two signs—the cobra head and 
the halo—constitute the diagnostic criteria 
for the ureterocele of average size. In order 
for these two signs to be present, there must 
first be adequate function of the associated 
kidney, and second, opaque medium in the 
bladder. If the kidney draining through the 
ureterocele is not functioning and contrast 
medium is present in the bladder, the 
ureterocele appears as a radiolucent defect. 
If the ureterocele is opacified and there is 
no contrast medium in the bladder, then 
the cobra head sign will be present but 
there will be no halo. The halo actually 


Selman 


Ocrost Ry 


ic. 3. Bilateral ureteroceles in a woman. The ure- 
ters are tortuous and remain filled with opaque 
medium (excretory urography), indicating chron- 
ic obstruction. There is no appreciable hydrone- 
phrosis. 


represents the double-layered wall of the 
cyst (Fig. 1, 7 and B). 

The size of the defect depends on the 
size of the ureterocele producing it. It may 
vary from a barely perceptible bulge of the 
ureteral meatus to a defect which nearly 
fills the bladder. 

Ureteral dilatation may be very marked 
in long standing severe obstruction, and if 
renal damage is serious enough, there may 
be no concentration of the opaque medium. 
On the other hand, in adults with small 
ureteroceles, the ureter may show only 
elongation and tortuosity without  per- 
ceptible ectasia (Fig. 3). The presence of 
associated anomalies such as duplication of 
the kidneys and ureters helps establish the 
diagnosis in questionable cases. 

In the event that there is inadequate 
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function of the kidney above a ureterocele, 
the urinary tract will not be opacified and 
the diagnosis missed on excretory urog- 
raphy. If the ureterocele is visualized 
through the cystoscope, the cyst incised, 
and a catheter sewn in place, opaque 
medium can be injected and the status of 
the urinary tract determined, in addition 
to proving the existence of a ureterocele. 

The majority of ureteroceles are found in 
adults. These are usually small, causing 
only slight to moderate urinary stasis which 
may be associated with previously unex- 
plained chronic urinary tract infection. 
Such instances are usually discovered in- 
cidentally during routine examination. In 
some cases, the ureterocele is found during 
asearch for calculi. 

In small children and infants, when 
ureterocele causes urinary tract disturb- 
ances of clinical importance, it is usually 
severe in degree. Roentgenographically, 
the ureterocele may present as a large, 
spherical, smooth defect, centrally or ex- 
centrically placed on the floor of the blad- 
der.2 It may resemble the water-filled bag of 
a Foley catheter. Such a ureterocele does 
not contain contrast medium because its 
kidney is functionless and the cyst there- 
fore stands out as a radiolucent defect in 
the bladder which has been opacified by 
the contrast substance excreted by the 
other kidney. 


CYSTOSCOPIC FINDINGS 

A small ureterocele appears as a cyst 
which, when filled, squirts urine through 
the tiny orifice. However, if the cyst hap- 
pens to be empty it may resemble a small 
papilla and the diagnosis missed. This 1s 
particularly apt to occur if the bladder is 
overdistended during cystoscopy. There- 
fore, the need of preliminary excretory uro- 
graphic studies must be emphasized. A 
very large ureterocele presents cystoscopi- 
cally as a veil or membrane obscuring a por- 
tion of the bladder. The meatus may not be 
recognized if it has become displaced in- 
feriorly and posteriorly. 

The author recently encountered an un- 
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usual example of ureterocele in an infant, 
presenting as a large radiolucent defect in 
the bladder base, a report of which follows. 


REPORT OF A CASE 


First Admission. The patient was an eighteen 
month old girl, admitted to Medical Center 
Hospital on April 15, 1957. The mother had no- 
ticed for several months that the child cried 
out during urination and accomplished this 
with a great deal of straining. There were fre- 
quent episodes of fever. A pediatrician found 
pyuria which failed to respond to penicillin. 
One month before admission the mother found 
“mucinous material” in the urine which she 
was certain did not arise from the vagina. One 
week before entry there was marked increase in 
pain and straining on urination. Because of the 
continued pyuria, the child was referred to Dr. 
Fred Warren for urologic study. 

On admission, history and physical examina- 
tion other than that already described were not 
significant. The urethra was found to be snug to 
a No. 8 Coudé woven catheter, which hung 
slightly at the bladder neck. Two ounces of 
catheterized urine obtained thirty minutes 
after voiding was clear, contained no mucus, 
albumin, or reducing sugar; pH 4.5; specific 
gravity 1.025. Microscopic examination 
vealed 15 to 20 leukocytes per high power field. 

On April 16, cystoscopy was performed by 
Dr. Warren under general anesthesia. He re- 
ported the bladder mucosa to be normal except 
for increased trabeculation. Bladder capacity 
was at least 200 cc. The right ureteral orifice 
was not visualized, but a bulge similar to a 
ureterocele was found in this area. No efflux 
could be detected. When the Cystoscope was 
withdrawn to the bladder neck, a curtain of 
tissue was seen dropping into the bladder neck 
from 11 o’clock extending around clockwise to 
6 o'clock posteriorly. The left ureteral orifice 
Was obscured. e 

Roentgen Examination. Cystography was 
done first. There was occult spina bifida of Ty. 
The bladder was tremendously enlarged, reach- 
ing the second lumbar vertebra (Fig. 4). A 
smooth concave radiolucent defect filled the 
base of the bladder centrally, measuring 3.5 
cm. in diameter. There was no ureteral reflux. 
Excretory urography with neo-iopax (Fig. 5) 
showed a hydronephrotic double kidney on the 
right side with at least partial duplication of 
the upper ureter (later found to be complete); 
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Fic. 4. Author’s case. Cystogram depicting tremen- 
dous dilatation of the bladder with a central basal 
radiolucent defect due to large ureterocele of the 
left ureter. 


this ureter (or ureters) entered the bladder 
through a possible diverticulum (ureterocele on 
that side not recognized). On the left side, the 
lower renal pelvis of a double kidney was nor- 
mal, but the possibility was considered that 
there was a nonfunctioning upper kidney. 
Retrograde pyelography could not be done be- 
cause the ureteral orifice could not be seen. 
The roentgen diagnosis was congenital uretero- 
cele obstructing the bladder neck, hydroneph- 
rotic right double kidney and double ureter, and 
possible left double kidney with nonfunctioning 
upper segment. The patient was discharged on 
April 17, 1957. 

Second Admission. The patient was re-ad- 
mitted on April 21, 1957. Surgery was _ per- 
formed by Dr. E. W. Clawater, Jr., and Dr. 
Fred Warren. The bladder was opened through 
a lower abdominal transverse incision and a 
left ureterocele 4 cm. in diameter was found 
blocking the bladder neck (Fig. 6). On the right 
side there was a smaller ureterocele (Fig. 7). 
Above each ureterocele was a second ureteral 
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orifice. Thus, both ureteroceles were aSSOCiated 
with the lower-terminating ureters which 
drained, in the usual manner, the upper seg. 
ments of duplicated kidneys. A catheter was 
sutured in the large left ureterocele, gelatinoys 
material aspirated, and a culture taken (late 
reported as F. coli). Retrograde pyelography 
(Fig. 8) now revealed tremendous dilatation of 
the left upper renal pelvis and its ureter, the 
latter measuring 1.5 cm. in diameter and being 
extremely tortuous. This dilated ureter was 
continuous with the large ureterocele which 
blocked the bladder outlet. The large ureter. 
cele was resected and the ureter sutured to the 
skin as a ureterostomy. 

Third Admission. The patient was re-ad. 
mitted on June 2, 1957 for resection of the left 
upper kidney and ureter. This was accom. 
plished without complication and she was dis. 
charged in good condition on June 10, 1957, 


Fic. 5. Excretory urogram, same case as Figure # 
There is obvious hydronephrosis of the right di 
plicated kidney. The bladder defect due to the left 
ureterocele is strikingly demonstrated. There 
opacification of the relatively normal left lower 
kidney, while the left upper kidney is not visual- 
ized. 
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‘ic. 6. Same case. Large left ureterocele as 
it appeared at surgery. 


Fic. 8. Same case. Retrograde pyelography per- 
formed during surgery. A catheter extends up 
through the duplicated left ureter to the normal 
lower renal segment. The tremendously dilated 
and tortuous ureter draining the nonfunctioning 
upper kidney was demonstrated by sewing a 
catheter into the large ureterocele and injecting 
skiodan. 


Fic. 7. Same case. Small right ureterocele 
as it appeared at surgery. 
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DISCUSSION 

The reported case emphasizes the im- 
portance of investigating thoroughly all pa- 
tients with persistent pyuria. If the cause is 
found early and corrected, the subsequent 
irreversible renal damage can usually be 
averted. In infants and small children, 
even minor urinary tract disturbances that 
persist should be thoroughly investigated, 
since renal destruction may already have 
occurred by the time pyuria is detected. In 
the patient reported, had urologic study 
been postponed indefinitely while various 
antibiotics were tried in a series of futile at- 
tempts to find the “right one,” both kid- 
neys would have eventually been destroyed 
by progressive back pressure, dilatation, 
and infection of the remaining urinary 
tracts. 

The present instance of a ureterocele 
large enough to resemble a Foley catheter 
bag emphasizes the need of radiologists to 
familiarize themselves with the various 
manifestations of ureterocele. Quite often, 
the radiologist sees the patient before uro- 
logic consultation is sought, and if the 
proper roentgen diagnosis is made or even 
suspected, the patient can be referred 
promptly for definitive urologic treatment. 
This may very well constitute a life-saving 
procedure. 

SUMMARY 


Ureterocele is a cystic dilatation of 
the intramural ureter resulting from con- 
genital stenosis of the orifice and weakness 
of the intramural ureteral wall. 

2. The diagnosis can be made in a high 
percentage of cases by excretory urog- 
raphy, which shows a cobra head termina- 
tion of the lower ureter and a surrounding 
halo separating it from the opacified blad- 
der. It can be confirmed by cystoscopy. 

If not corrected early, especially 
infants and young children, ureterocele 
may eventually cause renal destruction. 

4. Additional anomalies of the urinary 
tract are often found. 


Selman Cerone, 199 

An eighteen month old infant female 
is en ted in whom a ureterocele appeared 
as a radiolucent defect in the bladder base 
resembling a Foley catheter bag, with 
pyonephrosis and destruction of the cor. 
responding renal segment. There was also 
duplication of both kidneys and ureters, 
with a second smaller ureterocele in one of 
the right ureters. 


1020 Clinic Drive 
Tyler, Texas 


The author wishes to thank Dr. Fred Warren 
and Dr. Earl W. Clawater, Jr., for permission 
to use their clinical data in this case report. 
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A SAFE CONTRAST MEDIUM FOR URETHROGRAPHY* 


By IAN M. THOMPSON, M.D.+ 


ANN ARBOR, MICHIGAN 


N VIEW of many past frustrations in the 

attempts to achieve routinely satisfac- 
tory urethrograms, it was with interest that 
a study of the safety and efficacy of a new 
contrast medium, thickened sodium acetri- 
zoate (trademark, Thixokon) was begun. 

Urethrography has long been fraught 
with severe morbid effects following the 
use of oily media, and even with the em- 
ployment of a mixture of water-soluble 
lubricating jelly and a contrast medium, 
many roentgenographic studies have been 
of little value, due either to lack of uni- 
form medium dispersion, or to unsatis- 
factory viscosity and adherence of the 
vehicle. 

A rather significant mortality has been 
seen to occur from the use of oily media 
introduced into the urethra under pres- 
sure, and personal, unfortunate experiences 
have been amply corroborated in the lit- 
erature. We have subsequently been insist- 
ent in prohibiting the injection of oil into 
the urethra, and believe that the danger 
of oil embolus must constantly be re- 
emphasized. In addition to the dangers 
inherent in the use of an oily suspension, 
many of the compounds employed since 
Cunningham’s! first experiences with 50 
per cent argyrol in 1g10 have been found 
to be quite toxic when absorbed. Yet in re- 
viewing the literature, it is obvious that the 
majority of the accidents which have ac- 
companied urethrography have _ resulted 
trom the utilization of oily media. An ideal 
material for urethrography should consist 
of a contrast medium of adequate radio- 
density, nontoxic even for intravenous use, 
mixed homogeneously with a water-soluble 
vehicle. The type of pathologic process for 
which urethrography is most desirable fre- 
quently is one wherein the vascular bed is 
exceedingly vulnerable and accessible. Dis- 


ruption of continuity of the urethra either 
by disease or trauma will allow vascular 
ingress of any substance introduced into 
the urethra under pressure. 

We have previously noted an apparent 
lack of morbidity subsequent to the utiliza- 
tion of hand-mixed radiopaque material 
and water-soluble lubricating agents, and 
thus with the advent of thixokon, many 
advantages seemed theoretically possible 
should the medium have a satisfactory 
radiodensity and homogeneity of disper- 
sion. Since the manufacturer’s laboratory 
studies revealed that intravenous and in- 
traperitoneal injection of thixokon in rats 
had produced no ascertainable deleterious 
effects, we began employing it in alternate 
cases requiring urethrography. From the 
inception of the study, approximately 200 
urethrograms have been made with thixo- 
kon in a variety of diseases. We have noted 
no untoward S\ stemic or local effects irre- 
spective of the type of pathologic process 
present in the urethra, prostate, or bladder. 
As can be seen from the accompanying 
illustrations (Fig. 1-8), satisfactory ureth- 
rograms can routinely be achieved without 
the frustrating experience of skip areas in 
the density of the medium employed. 

Admittedly, urethrography has a lim- 
ited place in the urologic armamentarium; 
vet, in many instances, a clear-cut diagnos- 
tic need for the method exists, and depre- 
cation of its potentialities derives from 
a haphazard performance of the proced- 
ure. 

Urethrography should be more routinely 
employed in children, in view of the under- 
standably small size of the instruments 
which must be utilized for urethrocystos- 
copy. It is generally agreed that urethro- 
scopic visualization of fistulas, strictures, 
valves, diverticula and other types of pa- 
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Fic. 1. Double density technique. Thixokon, more 
radiopaque than sodium iodide, outlines normal — fy, 3. Scrotal dispersion of thixokon subsequent to 


posterior urethral topography. traumatic urinary extravasation. 


thology is often unsatisfactory and ure 
thrography can be of great assistance. 

In the case of imperforate anus in the 
newborn male, the presence of a urethro- 
rectal fistula may be detected only by 
urethrography and only if the urethrogram 


Fic. 4. Urethrogram demonstrates clearly an elon- 
Fic. 2. Urethrogram demonstrating a urethroperin- gated bulbous urethral stricture as well as normal 
eal fistula following postperineal prostatectomy. posterior urethral topography. 
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A Safe Contrast Medium for Urethrography 


lic. 6. Urethrogram of another case in which normal 


ient to posterior urethral demarcations are absent after 
repair of a urethrorectal fistula. 


Fic. 5. Urethrogram demonstrates the absence of 
n the normal posterior urethral demarcations in a case 
after repair of a urethrorectal fistula (imperforate 


thro- anus). 


y by 
gram | is satisfactory in respect to radiodensity 
and penetration of the material. We have 
found thixokon to be ideal for the delinea- 
tion of even minute fistulas. 

Quite recently, the operation of Johan- 
son’ has occasioned a re-examination of the 
virtues of reconstructive procedures in the 
treatment of severe urethral strictures. In 
the evaluation of severe or multiple ure- 
thral strictures, urethroscopy is frequently 
of little value owing to the diminutive size 
of the urethra at the site of the stricture and 
the inadequacy of existing lens systems to 
outline the essential topographic features of 
the area under consideration. A urethro- 


Wy 


Fic. 7, Urethrogram demonstrates the outlined 
fistulous tract. 
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Fic. 8. Urethrogram demonstrates prostatic urethral 
extravasation following transurethral resection. 


gram may be of great assistance in demon- 
strating the site and extent of the lesion and 
in planning the plastic reconstruction. In 
our most severe and heavily infected stric- 
tures, we have seen no deleterious effects 
whatsoever subsequent to the injection 
under pressure of thixokon even with defi- 
nite roentgenographic evidence of extra- 
vasation locally or into the vascular bed. 

In the topographic investigation of the 
posterior urethra for a variety of obstruc- 
tive conditions, ranging from vesical neck 
contractures in children to prostatic en- 
largements in the elderly, thixokon has 
been of value in more precisely delineating 
them. 

In the neurogenic bladder, functional 
investigation of the bladder neck and ex- 
ternal urethral sphincteric areas has been 
greatly facilitated with thixokon, owing to 
the uniform density and viscosity of the 
preparation. Urethral diverticula have been 
more easily discovered and better outlined 
with thixokon than with other preparations 
used in the past. 

Conditions for which urethrography is 
suitable and desirable are manifold and in- 
clude in the female such problems as the 
detection of ectopic ureteral orifices and/or 
para-urethral sinuses and ducts. 


Ian M. T 


Thompson Ocroser, 

In the investigation of the intersex prob. 
lem, thixokon is obviously suitable Owing 
to its safety and exceedingly high radio. 
density, and it is urged that all cases of hy. 
pospadias be subjected to urethrography to 
rule out occasional masked cases of intersex. 

Several measures have been found help. 
ful in obtaining more diagnostic urethro. 
grams. In the depiction of a pathologic 
process proximal to the external urethral 
sphincter, we first fill the bladder with a 
2} per cent solution of sodium iodide and 
thus in securing the urethrogram, the con- 
trast between the more opaque thixokon 
and the relatively dilute sodium iodide out. 
lines the area of the posterior urethra and 
vesical neck in a double density fashion, 
Vesical resistance to the ingress of thixokon 
causes more optimal urethral filling and 
prevents the random dispersion of the 
urethrographic medium, producing a better 
visualization of the site under investiga- 
tion. The placing of a finger in the rectum 
or deep perineum for purposes of urethral 
compression can be of assistance and it fre- 
quently permits a more accurate delinea- 
tion of pathology and more complete filling 
of such entities as diverticula and fistulas. 

We have found that in the male a blunt 
nose syringe of the asepto type is quite 
satisfactory for the injection of thixokon, 
whereas in the female an ordinary plunger 
syringe with a metal tip is more useful since 
the hub of the barrel will prevent escape 
of the medium from the meatus. 


CONCLUSION 

Urethrography should continue to oc- 
cupy an important place in the urologic 
diagnostic armamentarium, and, in view 
of the efficacy and safety of such media as 


thixokon, a more widespread use should 
follow. 
The University Hospital 
Ann Arbor, Michigan 
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THIXOKON CYSTOURETHROGRAHY* 


By JAMES F. GLENN, M.D. 


DURHAM, NORTH CAROLINA 


VYSTOURETHROGRAPHY has proved 
C a valuable diagnostic aid to urologists 
and radiologists in disorders of the lower 
urinary tract. Since the introduction of con- 
trast media for use in cystourethrography 
by Cunningham! in 1g1o, the media and 
techniques employed have been modified 
creatly. It is the purpose of this paper to 
discuss a new contrast medium (thixokon7{) 
used successfully in this clinic for cysto- 
urethrography, to indicate its practical 
application, and to set forth the technique 
employed. 

The value of demonstrating lower uri- 
nary tract lesions by means of cystoure- 
thrography cannot be denied. However, a 
number of hazards and disadvantages have 
been encountered with the agents currently 
employed. Various solutions and suspen- 
sions of radiopaque material have been ad- 
vocated from time to time, including silver 
and its salts, barium, bismuth, thorium, 
and a wide variety of the iodine com- 
Kaufman and Russell® have 
stated that the ideal cystourethrographic 
medium should be (1) adequately radio- 
paque, (2) readily sterilizable, (3) inexpen- 
sive, (4) nonirritating to urinary mucosa, 
(5) miscible with urine and water, (6) 
suficiently viscous to outline the lower 
urinary tract in detail, and (7) essentially 
harmless if introduced into the circulatory 
system by accident. Many of the agents 
recommended in the past have possessed one 
or more of the desired criteria but have not 
proved satisfactory in all respects. The dis- 
advantages of lipiodol and similar oily me- 
dia are well known, and 27 cases of acciden- 
tal introduction of oily substances into the 
circulation were reported by Crabtree*® in 


t Thixokon, brand of thickened sodium acetrizoate, used in 
this study was supplied by the manufacturers, Mallinckrodt 
Chemical Works, St. Louis, Missouri. 


1947. Among these were 4 fatalities due to 
fat emboli. It is axiomatic that no oily sub- 
stance can be injected into any part of the 
body without hazard. On the other hand, 
the water-soluble agents in current use do 
not possess adequate viscosity in many 
instances. 
PROPERTIES OF THIXOKON 

Over the past year, a new cystourethro- 
graphic medium, thixokon, has been em- 
ployed in this clinic. It has been found to 
satisfy all of the established criteria for cys- 
tourethrographic agents. Thixokon is a 
thickened solution of sodium acetrizoate 
(urokon sodium) with an iodine content 
of 32.9 per cent in the resulting mixture. 
The thickening agent is amioca, a thixo- 
tropic non-jelling starch consisting of nearly 
100 per cent amylopectin. The thixotropic 
property of this new contrast agent engen- 
ders a variable viscosity depending upon 
state of motion and allows ready introduc- 
tion of the agent combined with desired re- 
tention of the medium once it comes to rest. 
The resulting mixture is entirely water sol- 
uble, possesses a high degree of radiopacity, 
and is simple to use. In experimental study 
by the manufacturer,® thixokon has been 
found nontoxic in laboratory animals when 
injected intravenously and _intraperito- 
neally. 

PRACTICAL APPLICATION 

Thixokon cystourethrography has been 
employed in over 60 patients in this clinic 
with a wide variety of pathologic conditions 
of the lower urinary tract. It has proved 
diagnostically satisfactory in all cases. 
Thixokon cystourethrography is especially 
valuable in the diagnosis of urethral stric- 
tures, urethral fistulae, urethral diverticula, 
bladder diverticula, trauma and _ perfora- 
tions of the bladder and urethra, congenital 
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Fic. 1. Thioxokon cystourethrograms. (4) Anteroposterior view of a male with multiple urethral strictures 
and fistulae. (B) Same patient, oblique view, showing better visualization. (C) Voiding cystourethrogram, 
carcinoma of the prostate, showing narrowed prostatic urethra and multiple cellules of bladder. (D) Cyst 
vaginogram in femal pseudohermaphrodite, with transverse bladder shadow superimposed over distended 
vagina, injected via urogenital sinus. (E) Stricture of penile urethra and urethral diverticulum. (F) Thixe 
kon remaining in large diverticulum of female urethra several minutes after injection. 
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anomalies of the lower urinary tract, benign 
prostatic hypertrophy with intravesical 
protrusion, and carcinoma of the prostate. 
This agent might also be employed in the 
diagnosis of urethral tumors, prostatic re- 
ux, and bladder tumors; and it has further 


- been suggested that thixokon might be use- 


ful in fistulography elsewhere in the body. 
Examples of thixokon cystourethrography 
are shown in Figure 1. 
TECHNIQUE 

The technique of cystourethrography 
employed with thixokon is comparable to 
that used with other agents and in other 
clinics. Thixokon may be employed in its 
prepared state, or it may be thinned by the 
addition of sterile water as desired. It has 


| been found that mixtures of up to two parts 


sterile water to one part thixokon retain a 
high degree of radiopacity, and that the 
thixotropic property of the agent is not 
markedly diminished by such dilution. 

If it is desirable to obtain a cystogram, 
the patient is asked to retain urine over a 
two to three hour period, in order that dilu- 
tion of the introduced medium may ade- 
quately outline the distended bladder. 
Thixokon is introduced into the urethra 
utilizing a 15 cc. or 30 cc. asepto bulb 
syringe, either blunt nosed or standard 
variety, but might also be introduced by 
ordinary intravenous syringe with urethral 
adapter. In the male, one of the various 
penile clamps should be employed to pro- 
tect the operator’s hand from roentgen-ray 
exposure. The blunt-nosed syringe proves 
most satisfactory in the female. 

The patient is centered over an 11 by 14 
inch film, and employing the usual sterile 
technique, approximately 15 to 20 ce. 
thixokon is injected slowly into the ure- 
thra, avoiding undue pressure. During the 
terminal portion of this injection the initial 
roentgenogram may be made, but it is pos- 
sible to expose the film after the operator 
has left the room, since the thixotropic 
property allows retention of the agent in 
the urethra, in contrast to many other 
agents. We feel this to be a definite advan- 
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tage, eliminating the hazards of exposure to 
irradiation. A subsequent oblique roent- 
genogram is frequently helpful, and this is 
accomplished by re-positioning the patient 
and injecting an additional 15 to 20 cc. of 
thixokon. Frequently these two roentgeno- 
grams will prove diagnostic. 

However, it has been pointed out that 
voiding cystourethrograms are often of 
value,® and these may be readily obtained. 
In the male, a disposable plastic bag may 
be attached to the penis or the patient may 
be asked to void into a basin, and the film 
is exposed during the act of voiding with the 
patient in either the anteroposterior or the 
oblique position. This technique will fre- 
quently outline an unsuspected dilatation 
or sacculation of the urethra, or may more 
graphically demonstrate the existing path- 
ology. 

In this clinic, the roentgenographic 
technique employed consists of 25 ma. 
seconds (one-half second exposure at 50 
ma.) and 65 to 75 kv. for the average pa- 
tient. 

No instances of extravasation and no un- 
toward reactions have been encountered, 
but users must be cautioned against the 
possibility of extravasation or an allergic 
reaction, as with other iodine compounds 
injected into the body. In all instances, pa- 
tients are questioned as to allergic history. 
Users are also cautioned that thixokon may 
deteriorate if exposed to daylight for pro- 
longed periods of time, resulting in loss of 
radiopacity. 

SUMMARY 

1. Cystourethrography is a valuable aid 
in the diagnosis of lower urinary tract 
pathology. 

2. A new cystourethrographic agent, 
thixokon, is discussed. Thixokon has been 
found to satisfy the criteria of an ideal cys- 
tourethrographic medium and the unique 
thixotropic property permits its retention 
within the urethra for some minutes after 
injection. 

3. The technique of thixokon cysto- 
urethrography is presented. 
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ROENTGENOGRAPHIC MANIFESTATIONS IN A 


SEVERE CASE OF 


ALKAPTONURIC 


OSTEOARTHRITIS 


By J. PAGAN-CARLO, M.D.,* and ARTHUR R. PAYZANT, M.D.7 


NEW ORLEANS, LOUISIANA 


LKAPTONURIA may be defined as a 

disease resulting from a congenital 
error in the metabolism of two amino acids, 
tyrosine and phenylalanine. Specifically 
speaking, homogentisic acid, which is the 
intermediate product of the metabolic 
breakdown of tyrosine and phenylalanine, 
isnot broken down and the acid is excreted 
in the urine. Sacks® found that about 50 per 
cent of the patients with alkaptonuria de- 
velop ochronosis with degenerative osteo- 
arthritis, the onset of symptoms rarely oc- 
curring before the age of forty. Minno and 
Rogers,! describing a case, state that alkap- 
tonuric osteoarthritis is an extremely rare 
disorder, but, when present, is quite dis- 
abling. 

According to Sacks,® the relationship of 
association of degenerative osteoarthritis 
with alkaptonuria was first stressed by 
Gross and Allard. Hertzberg’ describes the 
pathologic process in ochronotic arthritis as 
one of deposition of ochronotic pigment in 
the articular cartilages, especially in old 
cartilage with poor metabolism. The carti- 
lage becomes black, loses elasticity, becomes 
brittle, and shows little resistance to strain, 
thereby cracking easily. Detached small 
black fragments may later become ad- 
herent to the synovial membrane. Lacunar 
bone absorption occurs under the devital- 
ized or destroyed cartilage and the patient 
is susceptible to fractures from minor in- 
juries. The ultimate picture is one of anky- 
losis of the point with proliferation of mar- 
ginal osteophytes. 

The roentgenographic manifestations of 
alkaptonuric osteoarthritis are quite char- 
acteristic, as pointed out by Hertzberg,® 
and perhaps sufficient to establish the diag- 


nosis, which later is confirmed by the clini- 
cal and laboratory findings. Eisenberg! 
comments that there is a typical triad of 
symptoms or signs; namely, alkaptonuria, 
ochronosis, and arthritis. It appears that 
in the absence of ochronosis degenerative 
osteoarthritic changes of the severity usu- 
ally associated with the disease will not de- 
velop. 

Pomeranz and associates’ report that 
osteoporotic changes associated with the 
severe form of osteoarthritis manifested in 
the spine, shoulders, and hips are more or 
less the result of disuse and not character- 
istic of the disease itself. They again refer to 
the triad of alkaptonuria, ochronosis, and 
arthritis. They comment that calcifications 
such as are found in the intervertebral 
cartilages and ligaments are also found in 
the tendon sheaths, bursal sacs, and syn- 
ovial membranes. Pomeranz and his co- 
workers’ point out the following salient fea- 
tures in the roentgen manifestations of 
ochronotic arthritis: in the spine there is a 
characteristic general calcification of prac- 
tically all of the intervertebral cartilages 
which appear like elliptical opaque wafers; 
in the shoulder, the most interesting point 
is the unusually marked narrowing of the 
joint space; in the pelvis there may be nar- 
rowing of the iliosacral synchondroses with 
irregular flocculent calcifications in the soft 
tissues between the femoral and acetabular 
shelves; similar calcifications are noted in 
the tendons attached to the greater tro- 
chanters; in the knees similar calcifications 
may be found in the quadriceps tendon and 
to a lesser degree in the patellar tendons. 
Harrold? reports an interesting finding 
the fact that there are definite changes in 
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the symphysis pubis which roentgeno- 
graphically resemble those seen in_post- 
operative osteitis pubis. 


REPORT OF A CASE 


The case presented is an example of alkap- 
tonuric degenerative osteoarthritis of a very 
severe degree. This fifty-five year old white fe 
male had a history of progressive and incapact- 
tating pains in the hips and knees as well as in 
the shoulders; onset of symptoms was at the 
age of forty or fifteen years prior to the first 
hospital admission in February, 1955. At the 
time of admission the patient gave a history of 
passing urine which upon standing became 
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Nic. 4. February 12, 1955. 


black. This condition had been noted since 
birth. There was also a history of right neph- 
rolithiasis resulting in a right nephrectomy sev- 
eral years prior to this admission. Laboratory 
work-up revealed the presence of homogentisic 
acid in the freshly voided urine. 
Roentgenograms of the spine, shoulders, 
knees, pelvis, and both hips were obtained dur- 
ing the first hospital admission (Fig. 1-7). In 


Fic. 5. February 12, 1955. 


Kic. 6. May 22, 1956. 


the thoracic and lumbar spine (Fig. 1-4) an 
ankylosing type of spondylitis was noted, with 
calcification of the paravertebral ligaments and 
intervertebral disks; there was moderate osteo- 
porosis and narrowing of the intervertebral 
spaces. In the pelvis (Fig. 5), including both 
hip joints, there was narrowing of the hip joint 
space on the right with an associated sclerosis 
of the adjoining articular margins of the head 
of the femur and the acetabulum, the head of 
the right femur appearing slightly flattened. 
The left hip joint appeared essentially normal 
except for mild sclerosis of the upper acetabu- 
lar shelf. In the shoulders changes similar to 
those noted in the right hip joint were seen, al- 
though not as severe. The left shoulder ap- 
peared to be more involved with calcifications 
in the soft tissues adjacent to the joint capsule 
(Fig. 6). In the knee changes characteristic of 
severe degenerative osteoarthritis were present 
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proliferation, and mild calcium deposition jy 
the ligamentum patellae (Fig. 7). 

From the first admission until October, 19¢> 
the patient had been admitted to the hospital 
four times. The marked changes with progres. 
sive destruction of the cartilaginous substan 
in both hip joints which occurred during tha 
period are shown in Figures 8, 9 and Io, As S 
previously noted the diagnosis of alkaptonuria | ~ 
with ochronosis and degenerative osteoarthritis | S10 
had been made on the first admission. det 

During the physical examination a bluish | cot 
discoloration of the cartilage of the ear anda } roe 
brownish pigmentation of the sclerae were 
noted. Further inquiry into the patient’s family 
history failed to reveal any sibling or relative | Sa 
with a similar condition. 


Fic. 8. December 27, 1955. 


scr 
SUMMARY do 
The roentgenographic manifestations of | i. 
alkaptonuric osteoarthritis have been dis. ; , 
cussed. 
Roentgenograms demonstrating the prog. 
ress of this rather severe and disabling 
type of osteoarthritis have been presented, | °”' 
cas 
J. Pagan-Carlo, M.D. sey 
3912 Joliet Street, Apt. 20 th; 
New Orleans 18, Louisiana h 
0 
Fic. 9. May 22, 1956. We wish to acknowledge the help of Dr. Don- ] ta 
ald Bradburn, Associate Pathologist, Touro  ¢h, 
Infirmary, in the preparation of the roentgeno- |, 
graphic reproductions. 
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ENLARGEMENT OF THE PLACENTA AS DEMON- 
STRATED BY SOFT TISSUE PLACENTOGRAPHY* 


By JAMES W. RYEL, M.D., and GEORGE JACOBSON, M.D. 


LOS ANGELES, CALIFORNIA 


OFT tissue roentgenography performed 

for localization of the placenta occa- 
sionally reveals a placental shadow that is 
definitely larger than normal. We have en- 
countered no study devoted solely to the 
roentgen evaluation of the enlarged pla- 
cental shadow, and only a few which have 
mentioned it even as an incidental finding. 
Snow and Powell," in their original de- 
scription of soft tissue placentography, 
documented 3 cases of placental apoplexy. 
Their single illustrated case showed a 
thickened placental shadow with a distinct 
bulge on the external surface of the uterus. 
They believed that this was a significant 
finding provided that uterine fibroids 
could be excluded. Bishop! presented a 
case in which he diagnosed premature 
separation of the placenta on the basis of a 
thickened placental shadow. At delivery, 
however, the placenta was found to be in- 
tact with no evidence of abruption, al- 
though the localization of the placenta was 
correct. He stated that at that time he was 
unable to give roentgenographic criteria by 
which the diagnosis of premature separa- 
tion could be made. Qvist,° in reviewing his 
cases of soft tissue placentography, found 
2 in which the question of premature 
separation of the placenta was raised on 
the basis of a thick placental shadow meas- 
uring g cm. in one instance and 9.5 cm. in 
the other. Apparently neither of these cases 
was confirmed. 

The location of the placenta and, more 
particularly, the normally implanted pla- 
centa can often be demonstrated by roent- 
genograms in the anteroposterior and lat- 
eral views of the maternal abdomen alone 
since, as shown by Reid!® in his fundamen- 
tal work on soft tissue placentography, the 
Placenta is rarely located entirely on the 


lateral wall of the uterus. Even so, ex- 
amination in additional views, such as 
oblique and lateral recumbent views, is fre- 
quently necessary. The determination of 
the size of the placenta is more difficult, and 
can only be estimated roentgenographically 
by having the central ray pass through the 
point of maximum placental thickness. 
Since the placenta is rarely confined to one 
wall of the uterus, and, in addition, axial 
rotation of the uterus almost always oc- 
curs, neither the anteroposterior nor the 
lateral view can be completely relied upon 
to reveal the maximum placental shad- 
ow. Therefore, in the authors’ judgment, 
oblique views are essential if the maximum 
thickness is to be demonstrated in every 
case. It is felt that the relative infrequent 
use of routine oblique views in placentog- 
raphy is partly responsible for the fact 
that the enlarged placental shadow has not 
received more attention. 
TECHNIQUE 

The technique used at the Los Angeles 
County Hospital for the past seven years 
consists of roentgenography of the abdo- 
men in the anteroposterior, right posterior 
oblique, left posterior oblique, and left 
lateral views. A differential absorption fil- 
ter is employed for the exposures in the 
oblique and lateral views. An additional 
lateral roentgenogram of the maternal pel- 
vis is made with the patient recumbent, to 
evaluate the space between the presenting 
part and the promontory of the sacrum. 
Patients referred for placentography at this 
institution almost invariably give a history 
of bleeding, and not infrequently are 
actively bleeding at the time of examina- 
tion. Due to the possibility of initiating 
serious hemorrhage, the patients are ex- 
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amined only horizontally and no roentgeno- 
grams are obtained in the upright position. 
The question has been raised as to the 
amount of radiation received by the pa- 
tient and fetus in carrying out such an ex- 
amination. Our measurements indicate that 
the total surface radiation to the mother 
for the five exposures is approximately 12 r. 
At the exposure factors used (300 ma., 80 
go kv., 1 mm. Al plus differential filter, 40 
inch tube-film distance), the depth dose at 
10 cm. is about 15 per cent of the surface 
dose or less than 2 r. Since this amount of 
radiation is delivered to the enlarged preg- 
nant abdomen, the dose to the fetus and to 
the maternal ovaries is less than 2 r. In 
view of the seriousness of the suspected 
diagnoses for which this examination is 
performed, we do not believe that this 
amount of radiation is excessive. The fetal 
mortality in placenta previa is approxi- 
mately 50 per cent and is even higher in 
some of the conditions to be discussed. 


NORMAL PLACENTA 


The comparative weight of the normal 
placenta and fetus varies considerably de- 
pending on the period of gestation. In the 
early stages of pregnancy, the weight of the 
placenta far exceeds that of the fetus. At 
the fourth month of gestation, the fetal and 
placental masses are almost equal, while at 
term the fetus weighs approximately seven 
times as much as the placenta. It has been 
stated by Reid!® and others that the aver- 
age placenta at term weighs about 500 gm. 
and casts a shadow up to 7 cm. in thickness. 
It should be noted that this includes the 
uterine wall. Our experience with oblique 
views, however, indicates that this meas- 
urement is probably too small and we have 
found that the normal placenta not in- 
frequently measures as much as g cm. in 
thickness. 

The accuracy of both the determination 
of placental size and placental localization 
increases with the period of gestation. The 
fetus conforms most closely to the uterine 
cavity at term. The earlier the stage of 
pregnancy, the greater is the discrepancy 
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in size between the two. We have found 
that prior to term, particularly in the sec. 
ond trimester, evaluation of placental size 
may be exceedingly difficult. Certain varia. 
tions of presentation, such as breech o 
transverse lie, also make evaluation of 
placental size uncertain. It is apparent that 
many of the pitfalls encountered in localiz, 
ing the placenta apply equally to judging 
its size. Consequently the diagnosis of an 
enlarged placenta is reserved for those in. 
stances in which the findings are unequiy. 
ocal. 


ENLARGEMENT OF THE PLACENTAL 
SHADOW 


In studying the enlarged placental shad. 
ow, the cases may be divided into two 
groups: (1) those cases in which there isa 
true volumetric increase in the placental 
mass, (2) those cases which simulate pla- 
cental enlargement. 

1. True enlargement of the placental 
shadow is the result of: (a) erythroblastosis 
(hydrops fetalis); (b) premature separation 
of the normally implanted placenta; (¢) 
syphilis; (d) diabetes; (e) placental tumors; 
and (f) continued growth of the placenta 
after fetal death. 

2. Pseudo-enlargement of the placental 
shadow is the result of: (a) polyhydramnios; 
(b) abnormal presentation of the fetus; (¢) 
tumors or abnormalities of the uterus; (d) 
abnormalities of the fetus; and (e) pre- 
maturity (relative polyhydramnios). 

I. TRUE ENLARGEMENT OF THE 
PLACENTAL SHADOW 

(a) Erythroblastosis. This condition 1s 
due to transplacental passage of an antl 
Rh agglutinin produced in an Rh negative 
mother who has been immunized by Rh 
positive red blood cells from the fetus or by 
a previous transfusion of Rh__ positive 
blood. It results in excessive destruction of 
red blood cells and compensatory overde- 
velopment of erythropoietic tissue. It has 
been variously reported as occurring once 
in every 150 to 500 deliveries.*: Three 
clinical varieties of the disease are recog- 
nized: anemia of the newborn, icterus gfa- 
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Fic. 1. Case 1. (4 and B) Erythroblastosis. The placenta is located posterolaterally in the fundus and has a 


thickness of 15 cm. 
appearance of the fetus (B). 
of premature separation. 


vis neonatorum and hydrops fetalis. The 
enlargement of the placenta is due to 
edema and can occur with either a normal 
or edematous fetus. Hydrops fetalis, the 
severest and rarest form of the disease, is 
almost invariably accompanied by edema 
of the placenta which, under these circum- 
stances, may be extremely large and exceed 
one-half the weight of the fetus. 


Case 1. T.J.F., twenty-five year old Cau- 
casian female; gravida II, para I; last normal 
menstrual period September 18, 1952; ex- 
pected date of delivery June 25, 1953. 

Present illness. The patient entered the hos- 
pital on March 10, 1953 with a history of an un- 
eventful pregnancy until approximately two 
months prior to entry, when mild pre-eclamptic 
toxemia symptoms were noted. 

Physical examination. The patient was quiet 
and in no apparent distress. The blood pressure 
was 154/84. The uterus was soft, nontender, 


The fetus is displaced anteriorly, inferiorly and to the right. Note the compressed 
At delivery the placenta was very large and unusually friable with no evidence 


and no contractions were noted. No fetal heart 
tones were heard. The height of the fundus was 
20 cm. 

Laboratory findings. Minimal albuminuria 
was present. The blood was Rh negative. The 
blood fibrinogen level was .575 gm. per cent 
(normal .25 gm. per cent to .35 gm. per cent). 

Placentographic findings (Fig. 1). Soft tissue 
placentogri iphy showed a single fetus of ap- 
proximately six months’ gestation in a breech 
presentation. The placenta was located pos- 
terolaterally in the fundus and its maximum 
thickness was 15 cm. The fetus was displaced 
anteriorly, inferiorly, and to the right, and had 
a compressed appearance. 

Course. Toxic symptoms persisted and labor 
was induced. A stillborn, slightly edematous 
fetus was delivered on March 19, 1953. The 
placenta was very large, unusually friable and 
showed no evidence of premature separation. 
It measured 22 cm. in diameter and was badly 
macerated. The final diagnosis was erythroblas- 
tosis and mild pre-eclampsia. 
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Fic. 2. Case 1. (4, B and C) Erythroblastosis. The placenta is located posteriorly. It measures 11 cm. in the 
lateral view (B), and 16 cm. in the oblique view (C). The fetus is displaced anteriorly. Note the com. 
pressed appearance of the fetus in the oblique and lateral views. At delivery the placenta was enlarged 


and weighed 1,150 gm. 


Case 11. M.A., twenty-seven year old Mex- 
ican female; gravida VII, para VI; last normal 
menstrual period August I, 1951; expected date 
of delivery May 8, 1952. 

Present illness. The patient entered the hos- 
pital on March 26, 1952 with a history of an 
uneventful pregnancy until four days prior to 
entry when fetal movements ceased. Twenty- 
four hours prior to entry uterine contractions 
were noted. This was accompanied by brisk 
vaginal bleeding which rapidly diminished to a 
slight brownish discharge at the time of entry. 

Past history. The patient was known to be 
Rh negative and her husband was Rh positive. 
Her first pregnancy resulted in a 3 pound infant 
that lived and is now normal. Five subsequent 
pregnancies resulted in living infants who died 
shortly after delivery. 

Physical examination. The uterus was soft, 
nontender, and no contractions were present. 
No fetal heart tones could be heard. 

Laboratory findings. The blood was Rh 
negative and a maternal Rh titer of 1 to 32 was 
reported. The type of titer was not stated. 

Placentographic findings (Fig. 2). Soft tissue 
placentography showed a single fetus of ap- 
proximately seven and one-half to eight 
months’ gestation in cephalic presentation. The 
placenta was located posteriorly and measured 
a maximum 16 cm. in the oblique view and 11 
cm. in the lateral view. The fetus was displaced 


anteriorly. There was a compressed appearance 
of the fetus in the oblique and lateral views. 

Course. A stillborn fetus weighing 3 pounds, 
2 ounces was delivered on March 27, 1952. The 
placenta was located above the equator of the 
uterus on the posterior wall and had to be re- 
moved manually. It was unusually large and 
weighed 1,150 gm. The pathologist (Weldon K. 
Bullock, M.D.) reported that the histologic 
characteristics of the placenta were not conclu- 
sive for erythroblastosis. The autopsy of the 
stillborn fetus revealed a grossly edematous 
macerated male infant. No gross congenital 
abnormalities were noted. Microscopically, the 
majority of the organs were autolyzed but the 
lungs did show primitive normoblasts within the 
lung capillaries. The anatomic diagnoses were 
(1) stillborn, (2) hydrops fetalis (erythroblasto- 
sis). 

Comment. The marked enlargement of 
the placenta is readily discernible in both of 
these cases and in each there is the char- 
acteristic eccentric location and compressed 
appearance of the fetus. Case 1 also illus 
trates the value of the oblique view in 
demonstrating the maximum thickness of 
the placenta. 

The clinical diagnosis in Case 1 was in 
doubt and the patient’s symptoms were at- 
tributed entirely to pre-eclampsia. In 
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view of this the roentgenographic findings 
were interpreted as being indicative of pre- 
mature separation of the placenta with ret- 
roplacental bleeding. At delivery, 
ever, there was no evidence of a premature 
separation, and it was evident that the en- 


Jlargement of the placenta was due to a co- 


existent erythroblastosis. 

Since the patient had had five previous 
oregnancies complicated by erythroblasto- 
is, there was no doubt as to the diagnosis 
a Case 11. It should be noted that the pla- 
enta weighed almost as much as the fetus. 

(b) Premature Separation of the Normally 
Implanted Placenta.* Premature separation 
f the placenta has various synonyms in- 


)duding abruptio and ablatic placenta, and 


slacental apoplexy. The term “‘Couvelaire 
iterus” is reserved for those cases in which 


ithere is hemorrhage into the interstices of 
ithe uterus. The etiology is unknown al- 


though the condition is more common in 
pre-eclamptic toxemia. Beck states that a 


i marked degree of separation occurs once in 


each 200 deliveries. When the separation 
involves the central portion of the placenta, 
a retroplacental hematoma results which 
may compress the chorionic villi and not 
infrequently embarrasses the fetal circula- 
tion. In these cases, the appearance of the 
maternal surface often resembles an in- 
farct. When marginal separation occurs, 
most of the bleeding is into the uterine 
cavity and a retroplacental hematoma may 
ir may not be produced. 

The classic syndrome of pain associated 
with a tense, hard uterus and shock may be 
absent and often the patient’s only com- 
plaint is painless bleeding. 


Case 11. A.R., nineteen year old Negro fe- 
male; gravida II, para I; last normal menstrual 
period September 12, 1951; expected date of 
delivery June 19, 1952. 

Present illness. The patient entered the hos- 
pitalon February 12, 1952, complaining of vag- 
inal spotting and lower abdominal cramps of 
two weeks’ duration. 


Premature separation of the placenta is classified as a true 
‘nlargement of the placenta since the retroplacental hematoma 
idds to the total placental mass, 
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Past history. One previous pregnancy, two 
years prior to entry, resulted in a normal male 
infant weighing 7 pounds, 13 ounces. 

Physical examination. The uterus was soft, 
nontender, and no contractions were present. 
The height of the fundus was 20 cm. and the 
fetal heart tones were good. 

Laboratory findings. The blood was Rh posi- 
tive and the hemoglobin was 11 gm. 

Placentographic findings (Fig. 3). Soft tissue 
placentography showed a single fetus of ap- 
proximately five to six months’ gestation in 
cephalic presentation. The placenta occupied 
the fundus of the uterus and, in the oblique 
views, had a maximum thickness of 15 cm. The 
fetus was displaced inferiorly into the maternal 
pelvis and had a compressed appearance. 

Course. The patient continued to have mini- 
mal bleeding and during the next two weeks the 
hemoglobin dropped from 11 to 6 gm. There 
was no clinical evidence of a sudden hemor- 
rhage during this period. On February 29, 1952 
a stillborn male infant was delivered. A 400 cc. 
blood clot completely covered the maternal 
surface of the placenta. The fetus was not 
macerated. 


Case Iv. F. L., thirty-two year old Caucasian 
female; gravida IV, para III; last normal men- 
strual period July 19, 1956; expected date of de- 
livery April 20, 1957. 

Present illness. Pregnancy was uneventful 
until one month prior to entry when painless 
vaginal bleeding began, requiring about three 
pads a day. The patient entered the hospital on 
January 7, 1957 after more severe bleeding 
which resulted in an estimated loss of 1 pint of 
blood. This latter episode was associated with 
intermittent low abdominal and back pain. 

Past history. A pregnancy in 1943 was un- 
eventful. A cesarean section was performed at 
term in 1945 because of placenta previa. 

Physical examination. The uterus was tense, 
hard, and there was minimal tenderness over 
the lower uterine segment. No fetal heart tones 
were heard. 

Laboratory findings. The blood was Rh nega- 
tive. The laboratory findings were otherwise 
not remarkable. 

Placentographic findings (Fig. 4). Soft tissue 
placentography showed a single fetus of ap- 
proximately six months’ gestation in a breech 
presentation. The placenta was located in the 
fundus posteriorly and had a maximum thick- 
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ic. 3. Case 1. (4 and B) Premature separation of the placenta. The placenta occupies the fundus and hasa pe 

maximum thickness of 15 cm. in the oblique view (B). The fetus is displaced inferiorly and has a com- bl 
pressed appearance. A 400 cc. retroplacental hematoma was found at delivery. 
fo 

ness of 11 cm. The fetus was displaced anterior. } '¢ 

ly and presented a compressed appearance, th 

Course. Spontaneous delivery occurred on 

January 8, 1957 after an uneventful labor, and } an 

resulted in a stillborn infant. An 800 cc. hema- | th 

toma was found on the maternal surface of the | du 

placenta. go 


Case v. F.L., twenty-two year old Caucasian J 


female; gravida IV, para III; last normal men- | 
strual period July 28, 1953; expected date ofde- J tr. 
livery May 5, 1954. re 
Present illness. The patient was admitted on 
March 22, 1954 with a history of an uneventful pl 
pregnancy until the day of admission. She pr 
complained of having had a sudden mild con |», 
stant suprapubic pain which had lasted one | ,;, 
te 
pc 
Fic. 4. Case 1v. Premature separation of the pla 
centa. The placenta is located posteriorly and has a 
a maximum thickness of 11 cm. The fetus is dis 
placed anteriorly and inferiorly and has a com- F 


pressed appearance. A retroplacental hematoma 0! : 
800 cc. was found at delivery. I’ 
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Fic. 5. Case v. (4, B and C) Premature separation of the placenta. The placenta is located anteriorly and 
measures 10 cm. in the oblique view (C), 8 cm. in the lateral view (B), and 14 cm. in the anteroposterior 
view (4). The fetus is displaced posteriorly and to the right, and has a compressed appearance which is 
most evident in the anteroposterior view (4). A 46cm. retroplacenta! hematoma was found on delivery. 


hour, and was followed ten hours later by mild 
irregular uterine contractions and low back 
pain. She also noted minimal bright red vaginal 
bleeding not exceeding Io cc. in amount. 

Past history. Two normal pregnancies were 
followed by a third premature delivery which 
resulted in a 25 pound infant that died in less 
than twenty-four hours. 

Physical examination. The uterus was soft 
and nontender and mild irregular uterine con- 
tractions were present. The height of the fun- 
dus was 24 cm. and the fetal heart tones were 
good. 

Laboratory findings. A blood type was deter- 
mined but not permanently recorded in the 
blood bank as the patient did not receive a 
transfusion. Other laboratory findings were not 
remarkable. 

Placentographic findings (Fig. 5). Soft tissue 
placentography showed a single fetus of ap- 
proximately eight months’ gestation in cephalic 
presentation. The placenta was located ante- 
riorly and measured 10 cm. in the oblique view, 
8 cm. in the lateral view and 14 cm. in the an- 
teroposterior view. The fetus was displaced 
posteriorly and to the right and had a com- 
Pressed appearance which was most evident in 
the anteroposterior view. 

Course. Spontaneous delivery occurred one 
day after entry, following an uneventful labor. 
lhe infant was healthy and weighed 4 pounds, 


3 ounces. A retroplacental hematoma, measur- 
ing 4X6 cm., was noted behind the lower mar- 
gin of the placenta. 


Comment. Cases 11 and tv illustrate 
marked retroplacental bleeding associated 
with premature separation of the placenta. 
The similarity of the roentgen findings in 
these 2 cases and in erythroblastosis (Case 
1 and 11) is striking. It is apparent that the 
differentiation of these two conditions de- 
pends on a proper evaluation of the clinical 
picture. 

In Case v a small retroplacental hema- 
toma produced only minimal enlargement 
of the placental shadow. This was most 
evident in the anteroposterior view and to 
a lesser degree in the oblique view. The pla- 
cental shadow was of normal thickness in 
the lateral view. 

We have seen approximately 30 cases 
in which the roentgenographic diagnosis of 
premature separation was verified. Clini- 
cally, most of these patients were thought to 
have placenta previa. Fetal death is com- 
mon in premature separation and early 
recognition is important. In addition, Page 
et al.’ have recently emphasized early di- 
agnosis and evacuation of the uterus in 


Le 
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cases of premature separation of the pla- 
centa to prevent maternal hypofibrino- 
genemia. 

(c) Syphilis. Enlargement of the pla- 
centa may be caused by congenital syphilis, 
and prior to modern antiluetic therapy this 
probably was of frequent occurrence. Dur- 
ing the period in which placentography 
has been performed at the Los Angeles 
County Hospital, 7.e., since 1949, congeni- 
tal syphilis has become quite rare. In none 
of our cases in which placental enlargement 
was recognized has syphilis been found to 
be the etiologic agent. 

(d) Diabetes. Babies born to diabetic 
mothers often are considerably larger than 
normal, and the tendency to overweight is 
so striking that the birth of a very large 
child always leads to the suspicion of di- 
abetes. The reason for this overgrowth of 
the fetus is not well understood. It has 
been attributed to a number of factors 
such as maternal hyperglycemia and over- 
activity of the pituitary gland in the last 
two months of pregnancy. The placenta 
also becomes larger than normal. However, 
its increase in size is apparently not sufh- 
cient to produce roentgenographically rec- 
ognizable enlargement. Although we have 
performed soft tissue placentography on 
many diabetic mothers, to date we have 
not been able to demonstrate any abnor- 
malities of the placenta. 

(e) Placental Tumors. Tumors of the 
placenta, other than hydatidiform mole or 
chorioepithelioma with which we are not 
concerned in this discussion, large enough 
to be demonstrated by placentography are 
exceedingly rare. None has been encoun- 
tered by us. 

(f) Continued Growth of the Placenta 
after Fetal Death. Occasionally following 
fetal death, the trophoblastic tissue of the 
placenta may remain viable and continue 
to grow, producing, in addition to a posi- 
tive Aschheim-Zondek test, disproportion- 
ate enlargement of the placenta. In re- 
viewing our material, we found only one 
likely example of this entity. However, this 
case is not being reported since adequate 
proof was not obtained. 
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2. PSEUDO-ENLARGEMENT OF THE 
PLACENTAL SHADOW 


(a) Polyhydramnios. Normally at term 
the amniotic fluid measures about 300 eg, 
Polyhydramnios, arbitrarily defined 4s 
amniotic fluid in excess of 1,000 cc., is usu. 
ally associated with some abnormality of 
pregnancy. It is associated more commonly 
with anencephaly than any other fetal ab. 
normality, but also occurs with twins and 
hydrops fetalis. Often, however, it occurs 
in an otherwise normal pregnancy in which 
there is no demonstrable exciting factor, 


Case vi. K.S., twenty year old Negro fe 
male; gravida IV, para III; last normal men. 
strual period July 21, 1955; expected date of 
delivery April 28, 1956. 

Present illness. The patient had had an un. 
complicated pregnancy until the day of entry 
on March 14, 1956 when painless vaginal bleed- 
ing occurred with the loss of less than one-half 
cupful of blood. 

Past history. Three previous pregnancies 
were uneventful. 

Physical examination. The uterus was soft, 
nontender, and the height of the fundus was 
25 cm. Fetal heart tones were good. 

Laboratory findings. The blood was Rh posi- 
tive. 

Placentographic findings (Fig. 6). Soft tissue 
placentography showed a single fetus of ap- 
proximately seven and one-half to eight 
months’ gestation in cephalic presentation. The 
placental shadow was located anteriorly. Its 
maximum thickness was seen in the oblique 
views where it measured 12 cm. The fetus was 
displaced posteriorly and to the right. There 
was little, if any, fetal compression. 

Course. Vaginal bleeding ceased immediately 
after entry and the patient was discharged. 
Spontaneous delivery of a normal 6 pound, 12 
ounce male occurred on May 13, 1956. No ab- 
normality of the placenta was noted. The ob- 
stetrician commented that there was excessive 
amniotic fluid. 


Comment. Marked degrees of polyhy- 
dramnios are not usually difficult to detect 
roentgenographically. The uterine cavity 8 
considerably larger than the fetus. By 
changing the maternal position, excessive 
mobility of the fetus within the uterine 
cavity can frequently be demonstrated. 
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Fic. 6. Case vi. (4, B and C) Polyhydramnios. The placenta is located anteriorly and measures a maximum 
of 12 cm. in the oblique view (C). The fetus is displaced posteriorly and to the right but there is little, if 
any, compression. 


With less marked polyhydramnios, how- 
ever, the diagnosis is not readily established 


clinically or roentgenologically. It is in this 


type of case that we have had the greatest 
dificulty in differentiating polyhydramnios 
from true enlargement of the placenta. 
When excessive amounts of amniotic fluid 
collect in the region of the placenta, the 
roentgenographic changes simulate en- 
largement of the placenta. Unless a signifi- 
cant decrease in the apparent size of the 
placenta occurs with a change in the mater- 
nal position, an error in diagnosis may re- 
sult. The compressed appearance of the 
fetus seen in the cases of true enlargement 
f the placenta is usually absent in poly hy- 
lramnios, providing an additional aid in 
liferentiation. Unfortunately, the amniot- 
ic fluid was not accurately measured in 
Case vi, but it is felt that this case repre- 
sents pseudo-enlargement of the placenta 
due to minimal polyhydramnios. 

(b) Abnormal Presentation of the Fetus. 
Normally, in a cephalic presentation there 
is fairly close conformity between the fetal 
ovoid and the uterus. In other presenta- 
tions, such as a breech or particularly a 
transverse lie, apposition of the uterine 
wall to the fetus is poor, and it becomes dif- 
icult or sometimes impossible to accurately 


localize the placenta, to say nothing of esti- 
mating its size. 

(c) Tumors or Abnormalities of the Uterus. 
Tumors of the uterus, such as leiomyoma, 
are occasionally demonstrated by placentog- 
raphy as rounded or lobulated masses 
projecting from the surface of the uterus. 
Sometimes, however, such a tumor is not 
seen in profile, but rather is so located that 
its shadow blends with that of the placenta, 
and this may simulate placental enlarge- 
ment. 


Case vu. E.F., thirty-five year old Cauca- 
sian female; gravida II, para I; last normal 
menstrual period June 13, 1955; expected date 
of delivery February 20, 1956. 

Present illness. bes patient entered the hos- 
pital on January 16, 1956 with a history of pain- 
less vaginal bleeding of twenty-four hours’ dura- 
tion. She estimated that she had lost about one 
cupful of blood. 

Past history. One previous pregnancy had 
gone to term without complication. At that 
time, she was told that she had a uterine tumor. 

Physical examination. The uterus was soft 
and nontender. No masses were noted and the 
height of the fundus was 32 cm. The fetal heart 
tones were good. 

Laboratory findings. The blood was Rh posi- 
tive. 

Placentographic findings (Fig. 7). Soft tissue 
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Fic. 7. Case vu. (4 and B) Intramural leiomyoma. A 20 cm. calcified lecomyoma is located posterolaterally 
on the left side. The placenta is located anteriorly and there is no fetal compression. 


placentography showed a single fetus of eight 
months’ gestation in cephalic presentation. A 
20 cm. calcified mass was located postero- 
laterally on the left. While the “placental 
shadow” could not be identified with certainty, 
it was thought to be located anteriorly. The 
fetus was displaced to the right, but there was 
no evidence of compression. 

Course. Bleeding ceased shortly after entry, 
and a sterile vaginal examination revealed 
what was thought to represent a central pla- 
centa previa. The patient was discharged from 
the hospital and re-entered on February 19, 
1956. She delivered a normal 6 pound, 7 ounce 
infant. There was no evidence of placenta 
previa. Postpartum hemorrhage of rather se- 
vere proportions developed, and a_hysterec- 
tomy was done. A 20X24 cm. intramural 
fibroid was located in the left posterolateral 
portion of the uterus. The placenta was of nor- 
mal size and consistency and was located high 
on the anterior surface of the uterus. 


Comment. The history of a “pelvic 
tumor,” calcification of the mass, and the 
lack of fetal compression permitted a cor- 
rect antepartum diagnosis. However, if the 


leiomyoma had not been calcified and thus 
easily outlined, the roentgenograms could 
have been erroneously interpreted as show- 
ing a markedly enlarged placenta. It is of 
interest that on the present admission of 
the patient to the hospital, the tumor was 
not detected by physical examination. 
(d) Abnormalities of the Fetus. Space 
occupying lesions arising from the fetus, 
such as tumors, ascites, meningoceles, ett., 
may very closely simulate enlargement of 
the placenta by displacing and even com- 
pressing the fetus. In the following & 
ample, pseudo-enlargement of the placenta 
was caused by idiopathic fetal ascites. 


Case vii. F. C., seventeen year old Cauca 
sian female; gravida I, para 0; last normal meét- 
strual period July 4, 1956; expected date of de 
livery April 11, 1957. 

Present illness. The pregnancy was unevent 
ful until January 15, 1957 when painless post 
coital bleeding occurred. She estimated that 
she had lost several hundred cubic centimeters 
of blood. Soon after the bleeding, fetal move 
ment ceased. 


Fic. 


VoL 

cm 

tive 

pla 

pro 

“pl 

| era 

| the 

ter 

i 

| a “ing 

p 


ER, 


laterally 


id thus | 


could 
show- 
[t is of 
sion of 
or was 
n. 
Space- 

fetus, 
S, ett, 
rent of 
n 
ng eX- 
lacenta 
2S. 


Cauca- 
al men- 
e of de- 


nevent- 
$$ post- 
od that 
imeters 
| move- 


VoL. 80, No. 4+ 


Physical examination. The uterus was soft, 
: nontender, and the height of the fundus was 25 
cm. No fetal heart tones were heard. 
Laboratory findings. The blood was Rh posi- 
tive. 
'  Placentographic findings (Fig. 8). Soft tissue 

placentography showed a of ap- 
4 proximately six to seven months’ gestation. The 
“placental shadow’’ was located _posterolat- 
erally and had a maximum thicknes of 12 cm. in 
the oblique views. The fetus was displaced an- 
teriorly and to the right, and had a compressed 
appearance. 

Course. A premature, stillborn infant of ap- 
proximately six and one-half months’ gestation 
was born on January 22, 1957. The fetal ab- 
_domen was markedly distended with ascitic 

fluid for which no cause could be determined. 
| The placenta was small and there was no evi- 
dence of a retroplacental clot. 


Comment. The roentgenographic find- 
ings in this case were indistinguishable from 


pressed. 
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those seen in either premature separation 
of the placenta or erythroblastosis. In view 
of the positive maternal Rh factor, the 
antepartum roentgenologic and _ clinical 
diagnosis was premature separation. What 
was assumed to be an enlarged placenta 
was actually the distended fetal abdomen. 

(e) Prematurity. In the earlier months of 
pregnancy the fetus does not fill the uterine 
cavity as completely as it does in the later 
months, making it difficult either to local- 
ize the placenta or assess its size. Under 
these circumstances, the diagnosis of pla- 
cental enlargement should be made with 
considerable caution. The earlier the period 
of gestation, the greater the chance for 
error. 


SUMMARY 


Roentgenographic examination in the 
oblique views is frequently essential for the 


Fic, 8. Case vir. (4 and B) Fetal ascites. The placental shadow is located posterolaterally and measures 12 
cm. in thickness in the oblique view (B). The fetus is displaced anteriorly and to the right and is com- 
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accurate determination of the size of the 
placenta. 

2. The differentiation of true and pseudo- 
enlargement of the placental shadow is of- 
ten difficult and sometimes impossible. 

3. The diagnosis of true enlargement of 
the placental shadow should be limited to 
those cases where the findings are unequiv- 
ocal. 

4. Erythroblastosis and premature sepa- 
ration of the placenta are by far the most 
common causes of true enlargement of the 
placental shadow. When erythroblastosis 
can be excluded by laboratory means, a di- 
agnosis of premature separation of the pla- 
centa can usually be inferred. 


George Jacobson, M.D. 
1200 North State Street 
Los Angeles 33, California 
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PELVIC ANGIOGRAPHY— 


WITH PARTICULAR REF- 


ERENCE TO ITS VALUE IN INTRAUTERINE 


PREGNANCY AFTER 


THE FIFTH MONTH 


OF GESTATION* 


By K. E. 


HODGE, M.B., 


F.R.C.P.(C), D.M.R.D.F 


TORONTO, ONTARIO, CANADA 


N 1931 dos Santos and his colleagues,* 

published the monograph 4rtériographie 
des membres et de laorte abdominale. Nu- 
merous subsequent articles appeared on an- 
giography of the pelvic vessels,?:4:5.11,17,19 
culminating in 19§5 in Fernstrém’s® trea- 
tise Arteriography of the Uterine Artery. 
This latter work evoked a very favorable 
annotation in the British Medical Fournal, 
containing the comment that “The ex- 
perience gained in this considerable study 
has been beautifully presented in the mono- 
graph, which also contains a survey of the 
literature, a description of technique and 
the complications encountered, which were 
not serious, as well as an impartial state- 
ment on the diagnostic value of the new 
methods.”” Four hundred and forty-eight 
cases comprised the basis of Fernstrém’s 
work. 

The considerably smaller total number of 
cases we have examined by pelvic angiog- 
raphy would make any attempt at en- 
croachment upon the ground covered by 
Fernstr6m presumptuous; although, when 
considered in relationship to the practical 
value of pelvic angiography in cases of 
intrauterine pregnancy, which was the pri- 
mary object of our study, the discrepancy 
is not so great. Fernstrém carried out 17 
satisfactory examinations on patients be- 
tween the fifth and tenth lunar months of 
pregnancy on whom reliable information 
was subsequently obtained as to the actual 
site of placental implantation, whereas we 
carried out 13 such examinations. 

De Villiers and Brink? reported 25 cases 
of suspected placenta previa examined by 
pelvic angiography, and Brink and Lode- 


man® recently stated that they “have 
used the arterial route for placental loca- 
tion in almost 100 cases,” and regard it as 
superior to plain film methods. We regard 
angiography as ancillary to the gravitation- 
al plain film technique, and therefore con- 
sider it necessary in a relatively small num- 
ber of cases. A method requiring arterial 
puncture and the injection of contrast 
medium should not be used routinely, es- 
pecially as the gravitational technique iS 
accurate in the great majority of cases. 
Those few cases in which it is likely to fail 
form a definite group in which angiography 
can be of real help. 

This paper is consequently presented as 
an expression of our own experiences with 
pelvic angiography and as a description of 
our own method. 

Fernstrém, in describing his technique, 
says “Since 1952 we have been using the 
catheter replacement method of percutane- 
ous arteriography described by Seldinger,’”"® 
his reason being that this permits simul- 
taneous filling of both uterine arteries at 
one examination. He indicates that in his 
early work, arteriography was done by 
percutaneous retrograde injection of the 
iliac artery, but as this usually resulted in 
filling of the ipsolateral uterine artery only, 
it was often necessary to repeat the pro- 
cedure on the opposite side. 

Norman" states that the catheter re- 
placement method is nevertheless “more 
complicated and time-consuming than that 
using simple percutaneous injection into 
the femoral artery” and it therefore has 
considerable disadvantages when examin- 
ing pregnant women. 


From the Departments of Radiology, Toronto General Hospital and University of Toronto. 
T Chief Radiologist, Sunnybrook Hospital, Toronto, and Associate in Radiology, University of Toronto. 
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Excellent demonstrations of the pelvic 
vessels have been obtained by translumbar 
aortography,'" but its employment in the 
diagnosis of placenta previa and other con- 
ditions of the uterus and adnexa has been 
very limited. Most obstetricians would 
rather not refer their patients for an exami- 
nation that usually entails a general an- 
esthetic and necessitates their being placed 
in a prone position on a roentgenographic 
table for varying lengths of time. Trans- 
lumbar aortography moreover carries with 
it certain intrinsic hazards which, although 
not frequently encountered, cannot be dis- 

For the above reasons retrograde injec- 
tion of the iliac arteries by percutaneous 
femoral puncture has definite advantages 
over translumbar aortography and _ the 
catheter replacement technique. Its one 
great disadvantage in the past has been 
that only the ipsolateral pelvic vessels could 
be demonstrated consistently. 

Sutton,'!® in a preliminary report on 
Placental and Pelvic Angiography by Retro- 
grade Percutaneous Injection of the Femoral 
Artery considers the use of a mechanical in- 
jector as undesirable because he feels that 
manual injection gives better control, and 
the injector can stop at once should it be 


felt that the needle point has slipped out of 


the lumen of the artery. He states that 
successful manual injection as high as the 
aorta needs considerable force, and the in- 
jector requires fairly powerful muscles. 

We used Sutton’s method on one patient, 
and, while wholeheartedly agreeing that 
powerful muscles are required, found that 
in such circumstances of physical exertion, 
we had no more real control over the injec- 
tion than when using a mechanical injector. 
Furthermore, it is extremely difficult to 
tell during an injection lasting only about 
three seconds whether or not the needle 
which is connected to the syringe by flexible 
tubing—has slipped out of the lumen of the 
artery. 

A mechanical injector similar to that 
described by Lentino and Lentino™ was 
therefore used and the needle threaded up 
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the iliac artery in a cephalic direction fay 
enough to prevent the recoil of injection 
from forcing it out of the lumen; in addi. 
tion, less force was needed to carry contras} 
medium the shorter distance across the 
aortic bifurcation into the contralateral 
vessels. This method worked well on oy; 
first 2 patients, who were thin women jn 
whom the femoral artery could be easily 
palpated and the needle readily threaded 
retrogradely into the external iliac artery, 
Injection of contrast medium resulted in 
excellent filling of the iliac vessels on both 
sides. 

The next 2 patients were obese, and al. 
though the femoral arteries were easily 
punctured in each case, 1t was impossible to 
thread the needle retrogradely into the iliac 
artery for any distance. In both cases 
mechanical injection resulted in only a 
small amount of contrast medium entering 
the lumen of the ipsolateral vessel before 
the needle recoiled out of the artery and de. 
posited the remainder into surrounding soft 
fortunately without greater ill 
effects to either patient than local discom- 
fort lasting a few hours. 

A 17 s.w.g. lumbar puncture needle 11. 
cm. long and its stylet were therefore made 
into an arterial cannula and trocar (Fig. 1). 


tissues, 


Fic. 1. Tips of arterial puncturing apparatus: 4, 
cannula; B, puncturing trocar; and C, blunt ended 
probe. 
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Having punctured the artery, the trocar 
could then be withdrawn and replaced by a 
blunt-ended probe 19 cm. long and of the 
same gauge wire. This blunt flexible probe 
could be easily threaded up the lumen of the 
iliac artery far beyond the tip of the can- 
nula, as it could not pierce the intima. The 
cannula could then be threaded on this 
probe in much the same way that a Smith- 
Petersen pin is directed by its guide wire. 

The trocar, cannula and probe allowed 
rapid and successful examinations to be 
easily obtained, even on obese patients 
with femoral arteries that were mobile and 
dificult to palpate. 

TECHNIQUE 

Before the arterial puncture is made, the 
cannula, trocar and guide wire are im- 
mersed in 1:1,000 solution of heparin to 
prevent clotting. Also before puncture, 
blood pressure cufts are applied above both 
knees and, when the cannula is in position 
in the artery and immediately before in- 
jection, these are inflated to just above 
systolic blood pressure; they are released 
immediately after injection. Following sat- 
isfactory puncture and inflation of the 
blood pressure cuffs, the cannula is con- 
nected by flexible polyethylene tubing to the 
manual injector, and 30 cc. of contrast 
medium is injected. To carry the contrast 
medium over the aortic bifurcation into 
both common iliac arteries without excess 
filling of the lower aorta, it is necessary to 
inject it in approximately 3 seconds. 


We have used a 50 per cent solution of 


diodrast in all but one case, and this con- 
centration has caused most patients to 
experience varying degrees of burning in the 
lower lumbar region and legs for a few sec- 
onds after injection. In one case we used a 
35 per cent solution quite satisfactorily and 
would feel that in many cases this is prefer- 
able, except for those very large patients in 
whom a 50 per cent solution may give 
better visualization. 

Because all but one of our cases have 
been examined during pregnancy, it was 
considered advisable to make only two 
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roentgenograms in the anteroposterior pro- 
jection. Roentgenograms in the lateral 
views were not obtained because of the 
technical difficulties involved and the con- 
siderably greater amount of radiation that 
would have been needed relative to the 
possible benefits to be gained. As indicated 
formerly,” the real practical problem in the 
majority of patients we have examined has 
been the differentiation between major 
degrees of placenta previa and minor de- 
grees or absence of placenta previa, and it 
was felt that anteroposterior roentgeno- 
grams alone would usually be adequate; 
we do nevertheless appreciate the great 
advantages of lateral roentgenograms if 
these could be easily obtained without un- 
due radiation to the patient. 

The first roentgenogram is exposed a split 
second after the end of the injection, and 
the second approximately three seconds 
later. This results in nearly all cases in the 
first roentgenogram showing good filling of 
the arteries and the second showing good 
filling of the placental sinuses. 

We tried three methods of film changing. 
On one occasion an Elema machine was 
used but the 12X14 inch serial roentgeno- 
grams did not cover a large enough area. 
Next, a cassette tunnel with a stationary 
grid was tried but the roentgenographic 
quality was not satisfactory. The best re- 
sults by far have been obtained by a prac- 
ticed technician changing standard 14X17 
inch cassettes by hand in an ordinary Bucky 
tray with a moving grid. This can readily 
be accomplished within three seconds. 

In summary, therefore, the technique 
which evolved is: 1. Suitable premedication 
of the patient; no general anesthetic is re- 
quired but local infiltration is used. 2. 
Rinsing of the arterial cannula, trocar and 
guide wire in 1:1,000 heparin solution 
prior to the arterial puncture. 3. Per- 
cutaneous femoral puncture and retrograde 
cannulation of the ipsolateral external iliac 
artery as described. 4. Injection of 30 cc. of 
35 per cent diodrast with a manual injector. 
5. Exposure of two 14X17 inch films at 
three second intervals. 6. Slow perfusion 
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of the cannula with saline until the films are 
developed. 7. If the roentgenograms are 
satisfactory, the cannula is withdrawn and 
the site of percutaneous puncture manually 
compressed for five minutes. 


COMPLICATIONS 


Our most outstanding complication was 
in one of the early cases. While still using a 
plain needle, we omitted to rinse it in hepa- 
rin solution beforehand and, following 
successful puncture, were slow in threading 
the needle into the iliac artery. The spurts 
of blood became extremely sluggish, but 
because of the good puncture we continued 
with the injection and did produce excellent 
visualization of a normally implanted 
placenta. Approximately eight hours after 
the injection, the patient complained of 
pain in her right iliac fossa. A small area of 
skin in this region was seen to have become 
completely white, and during the next few 
days this skin and the underlying super. 
ficial tissues sloughed away. The wound 
healed so slowly over the course of the next 
few weeks that it was eventually closed 
surgically. It is obvious that a small clot 
had been projected into the right super- 
ficial epigastric artery and had resulted in a 
localized area of infarction and necrosis in 
the superficial abdominal wall. 

This complication need never happen. 
The puncturing apparatus should always be 
rinsed in 1:1,000 heparin solution before- 
hand, and it is also much easier to thread 
the cannula rapidly in a retrograde manner 
than a plain needle, thereby avoiding 
thrombus formation. If by chance the 
spurts of blood from the cannula do begin 
to slow down, the injection should not be 
made. 

A difficult matter to assess is that of 
possible induction of labor. Norman" com- 
menting on Hartnett’s! aortographic study 
said “the greatest drawback of the method, 
however, is that, judging by Hartnett’s ac- 
count, the injection of contrast substance 
(70% Diodrast) into the pelvic arteries very 
often induces labour.’’ Norman indicated 
that lower concentrations of contrast 
medium (42 per cent) are more satisfactory 
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and stated that ‘We found the injection of 
30 ml. Umbradil (Dijodonum) sufficient 
and this dose did not produce any discerp. 
ible foetal reaction or uterine contraction,” 

Of our own cases, 14 had_ successful 
angiographies carried out during pregnancy 
and 5 went on to full term deliveries of nor. 
mal babies. One examination during preg. 
nancy was for a condition other than gus. 
pected placenta previa, as is discussed later, 

Thirteen were examined for suspected 
placenta previa and all were bleeding at the 
time of admission. Five were diagnosed by 
angiography as having central placenta 
previa and the diagnosis was confirmed 
clinically in each. In 3 of the 5, the bleeding 
did not increase after angiography. Of these 
3, one had a vaginal hysterotomy three 
days later for continued bleeding, the sec- 
ond had an emergency cesarean section 
five days later because of severe hemor. 
rhage, and the third aborted three weeks 
later. In one, severe hemorrhage occurred 
an hour after angiography, necessitating an 
emergency cesarean section. The remaining 
patient aborted twenty-four hours later. No 
living children were obtained from these 5 
cases. 

The remaining 8 cases of suspected 
placenta previa did not have this condition, 
but 4 had premature deliveries. In none of 
these patients did angiography increase 
the bleeding for which they were admitted; 
1 baby was delivered four days after exami- 
nation, and 2 three days after, but all 3 
died shortly after birth. In the other case 
a premature but otherwise normal child was 
delivered four weeks after examination at 
thirty-five weeks’ gestation, and survived. 

It is also of interest to note that the stage 
of gestation at which the examinations were 
performed appeared to bear no definite rela- 
tionship to the outcome. Of those progres- 
sing to full-term deliveries the average 
stage of examination was twenty-seven 


weeks and varied between twenty-three 
and thirty-two weeks, while of those hav- 
ing premature deliveries the average stage 
was twenty-eight weeks, varying between 
twenty-one and thirty-two weeks. ; 
It is therefore difficult to find a definite 
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causal relationship between angiography 
and any of the premature deliveries, with 
the exception of 2 of the central placenta 
previa patients. One of these started to 
bleed severely again an hour after the 
examination and the other began to bleed 
more profusely a few hours after. 

The proved placenta previa patients 
were all bleeding fairly freely when ad- 
mitted to the hospital, and all followed 
courses which they might well have done 
without angiography. The same may also 
be said of those cases of subsequent pre- 
mature delivery found not to have placenta 
previa. 

In 2 of our cases, as already indi- 
cated, a good femoral puncture was ob- 
tained but only a small amount of contrast 
medium entered the iliac vessels before the 
recoil from injection forced the needle out 
of the artery causing extravasation into the 
surrounding tissues with resultant local 
tenderness for a few hours afterwards, al- 
though no more serious damage to the pa- 
tients occurred. No other complications 
occurred apart from a few minor ones of the 
tvpe described by Fernstrém, 
slight nausea. 

The injection itself should not lead to 
complications. Contrast medium in large 
concentrations cannot enter major branches 
of the upper abdominal aorta, as it only 
fills the lower aorta. Dissection of the 
media of the iliac arteries is exceedingly 
improbable when using a blunt cannula 
which is well threaded into the lumen of 
the vessel. 
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INDICATIONS FOR PELVIC ANGIOGRAPHY 


The extent of the possible applications of 
pelvic angiography in the diagnosis of 
disease of the uterus and adnexa is indi- 
cated by the full title of Fernstrém’s® 
monograph. 

Sutton,!® in his paper describing 3 pa- 
tients examined by pelvic angiography, said 
that retrograde femoral angiography per- 
mits investigation of pelvic tumors without 
the necessity for general anesthesia and 
lumbar aortography. From our own mate- 
rial, we are not in a position to discuss the 
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value of pelvic angiography in the dif- 
ferentiation of malign ant tumors from 
benign lesions, nor in the determination of 
the extent of any such pelvic lesion. The 
value of angiography in making differentia- 
tions in other regions of the body is never- 
theless well established, and its applica- 
tion to pelvic disease would, therefore, seem 
to be a logical step. 

The indication for pelvic angiography 
in our own cases has been predominantly 
the localization of the placenta. In a recent 
study of patients examined for suspected 
placenta previa by the gravitational dis- 
placement technique,” it was indicated that 
despite the diagnostic accuracy of this 
method after thirty-two weeks’ gestation, 
the uncertainties of diagnosis before that 
time and in occasional cases of abnormal 
presentation are such that we have occa- 
sionally employed pelvic angiography. An 
indication of the extent of our use of angi- 
ography in placental localization can be 
fact that it was found 
necessary to attempt examination of only 
17 patients by this means during a two year 
period, during which time approximately 
120 patients were examined by the gravita- 
tional method. There were undoubtedly 
more cases of suspected placenta previa 
before the thirty-second week of gestation 
which were admitted to the Toronto Gen- 
eral Hospital during the same period, but 
these were not referred to the radiologist 
because the clinicians knew from past 
experience that the gravitational method 
would probably not yield conclusive re- 
sults in such circumstances, yet they were 
reticent to subject their patients to angiog- 
raphy. 

This clearly raises questions concerning 
the real value of the method in the diagno- 
sis of placenta previa. The placenta is cer- 
tainly better demonstrated by angiography 
than by any other means, but the technique 
necessitates percutaneous arterial punc- 
ture and the injection of a contrast medium, 
so that it carries certain discomforts and 
possible complications, even though these 
may be slight. Is it, therefore, worthwhile 
employing angiography if conservative 
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treatment in a hospital until the thirty- 
second week of gestation allows a 95 per 
cent accuracy in the diagnosis or exclusion 
of placenta previa by the simple and safe 
gravitational technique; or, alternatively, 
do the advantages of angiography in giving 
an immediate and accurate diagnosis out- 
weigh the disadvantages of extra weeks in 
hospital? Only individual obstetricians and 
radiologists, knowing fully the circumstan- 
ces of their own patients, can answer these 
questions satisfactorily. 

Two patients in our series were examined 
for conditions other than suspected placenta 
previa. As is discussed below, one of these 
was for the diagnosis of an unusually large 
abdominal mass occurring during the 
course of an otherwise uneventful preg- 
nancy, and the other was for a pelvic mass 
persisting in the postpartum period. 


MATERIAL AND INTERPRETATION 
OF ROENTGENOGRAMS 

Fifteen patients were successfully exam- 
ined by angiography although 19 exami- 
nations were attempted. We thus had 4 
failures; all in cases referred for suspected 
placenta previa. Two of these occurred 
early in our series when a plain neec ee was 
still in use for arterial puncture; this 
slipped out of the lumen during cic on 
both occasions. Of the other two failures, 
both were in extremely apprehensive young 
women who, despite premedication, became 
impossible to manage after the percuta- 
neous puncture had been made. The injec- 
tions were therefore not carried out, as it 
was felt certain that satisfactory roentgeno- 
grams could not possibly be obtained in the 
circumstances. 

Cases of Suspected Placenta Previa. Thir- 
teen of our patients were successfully 
examined for suspected placenta previa, all 
of them because of vaginal bleeding. 
Gravitational placentography had already 
yielded equivocal results in 9, because of the 
small size of the fetuses. In the other 4, 
localization by this method had not been 
attempted as it was felt that the fetuses 
were too small for successful results to be 
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obtained. The examinations were carried 
out at the thirty-second week of gestation 
in 2 cases, and between the twenty-first and 
thirty-second week in the others. The out 
come of all these cases has been described jg 
the paragraphs discussing the complica 
tions of pelvic angiography. 

A central placenta previa was diagnosed 
in § cases and confirmed clinically in each; 
and in 7 cases placenta previa was excluded 
by angiography, these diagnoses also being 
confirmed clinically. In one case a left 
lateral wall placenta, not constituting 4 
placenta previa, was diagnosed by ange 
ography. The patient continued to bleed 
severely and a cesarean section was per 
formed. The placenta was found to be on 
the left anterolateral uterine wall, but its 
margin was extending down to the region of 
the internal os, constituting a major degree 
of placenta previa. 

Recognition of the placenta on the angio. 
grams presents no difficulty, as both the 
arterial and the sinus-filling phases give 
(Fig. 2, 4, B 
3, 4, Band C; 4, 4, B andG@ 


characteristic appearances 
C and D; 
and 5, 4, Band C). 

The most characteristic feature of the 
arterial phase is the increasing tortuosity 
of the uterine vessels as they converge upon 


the placenta, becoming exceedingly 
tuous and often forming into numerous 
spirals in the immediate vicinity of the 
placenta. So characteristic is this appear- 
ance that in one case of central placenta 
previa the diagnosis was confidently made 
from the appearances of the arterial phase 
alone, despite the sinus-filling phase having 
been missed by poor film changing tech- 
niques. The appearances of the arteries run- 
ning toward low-lying placentas differ in 
no way from those of placentas situated on 
the upper uterine segment, except that they 
arise from the main uterine vessels lower 
down in the pelvis. 

In all our cases, both uterine arteries 
contributed to the placental blood supply. 
In those cases of normal placental implan- 
tation the greatest supply was derived from 
the ipsolateral uterine vessels (Fig. 44 and 
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INTRAMURAL UTERINE VESSELS? , \\ 


INTRAMURAL UTERINE 
VESSELS TO 
PLACENTAL SINUSES 


CONTRAST MEDIUM IN 
PLACENTAL SINUSES 


Fic. 2. Central placenta previa at 23 weeks of gestation. (4) Arterial phase angiogram. 
(B) Drawing of arterial phase. (C) Sinus phase. (D) Drawing of sinus phase. 


54), but in those with central placenta 
previa it appeared to come approximately 
equally from both sides (Fig. 24 and 34). 

In all our cases examined during preg- 
nancy, the uterine arteries were seen to be 
wide, and thus in keeping with Fernstr6m’s® 
fndings that their width is increased in 
the second half of pregnancy. 

We did not consistently visualize the 


main trunks of the uterine arteries running 
along the lateral margins of the uterus. 
In most cases this was of academic interest 
only, and the real diagnostic value lay 
in the demonstration of the intramural 
branches. 

Uterine Fibromyoma Associated with Preg- 
nancy. The patient was a twenty-eight year 
old woman who had had two previous normal 
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pregnancies. She presented at the twenty-sixth 
week of her third pregnancy with slight gen- 
eral abdominal pain and breathlessness, and 
complaining that her abdomen was as large as 
it had been at the eighth month of her previous 
pregnancies. 

On examination her abdomen was protuber- 
ant, and a visible mass was present on each side 
of the umbilicus. On palpation, the mass on the 
left was round, smooth and approximately 15 
cm. in diameter while that on the right con- 
sisted of the fetus iv utero. The differential 
clinical diagnosis was between a left ovarian 
cyst and a uterine fibromyoma, with the im- 
pression that it was probably an ovarian cyst. 


Ocroser, 


*FETAL PARTS*- 


INTRAMURAL UTERINE VESSELS 
RUNNING TO PLACENTAL SINUSES 


LEFT UTERINE ARTERY 
IN PARAMETRIUM 


Fic. 3. Central placenta previa at 29 weeks of gestae 
tion. (4) Arterial phase angiogram. (B) Drawing 
of arterial phase. (C) Sinus phase. (4 and C repro 
duced by permission from Canad. M. A. F. and 


Radiology.) 


A preliminary plain roentgenogram showed a 
single normal appearing fetus in the right side 
of the abdomen, compatible with a gestation 
period of approximately twenty-six weeks and 
a soft tissue shadow in the left side of the abdo- 
men having a smooth convex lateral border 
which appeared to be continuous with the 
uterus. 

It was felt clinically that a precise diagnosis 
was necessary for the satisfactory management 
of the case and that pelvic angiography was 
therefore justifiable. This was carried out with 
ease and without complications (Fig. 5, 4, 8 
and C). 

The arterial phase (Fig. 5.4) showed a right 
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lateral wall placenta supplied chiefly from the 
right main uterine artery but with branches 
from the left also. A large branch from the left 
uterine artery, arising approximately half-way 
between the pelvic brim and the fundus, was 
seen to project laterally towards a mass on the 
left side of the body of the uterus and to course 
around the tumor and send branches into it. 
The intrinsic structure of these vessels ap- 
peared normal; and as Fernstr6m® indicates, it 
may be difficult to distinguish capsular blood 
vessels from intrinsic arteries and it is therefore 
expedient to term them all “tumor vessels.” 
lhe second roentgenogram (Fig. 5C) showed a 
normal although somewhat scanty capillary 
pattern within the mass, which was more clear- 
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INTRAMURAL VESSELS TO 
PLACENTAL SINUSES 


INTRAMURAL UTERINE VESSELS 


Fic. 4. Left cornual placenta at 31 weeks of gesta- 


tion. (4) Arterial phase angiogram. (B) Drawing 
of arterial phase. (C) Sinus phase. 


ly outlined than before because of the contrast 
medium within its substance. It was seen to 
form part of the uterine wall. The normal in- 
trinsic appearances of the blood vessels of this 
mass and the fact that it was within the uterine 
wall led to a diagnosis of a benign uterine tumor 
composed of relatively normal tissues, and 
therefore a fibromyoma. 

Because of its nature and site, operative in- 
tervention was not considered necessary and the 
patient progressed to a full-term normal de- 
livery without complications. 

After delivery, bimanual palpation was per- 
formed and the obstetrician reported that the 
mass felt like a fibroid. During the postpartum 
period it became smaller in size as the uterus 
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involuted, and eventually became impalpable. 
Microscopic proof was not obtained but the 
mass was regarded as undoubtedly being a 
fibromyoma. 


Ovarian Tumor Examined in Postpartum 
Period. The patient was a twenty-two year 
old woman who had been delivered of a nor- 
mal full-term child six weeks previously. Dur- 
ing pregnancy she had an excessively pro- 
tuberant abdomen which remained prominent 
after delivery. Dilatation and curettage five 
weeks after delivery revealed only moderate 
uterine enlargement and it was therefore felt 
that the protuberant abdomen was due to an 
ovarian tumor. On physical examination the 
abdomen was soft, and a fluctuant palpable 
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Hic. §. Left lateral uterine fibromyoma and right 
lateral placenta at 26 weeks of gestation. (4) Ar- 


terial phase angiogram. (B) Composite drawing of 
A and C. (C) Capillary-filling phase of fibromy- | 


oma; sinus-filling phase of placenta. 


mass was arising out of the pelvis and extend 
ing to the level of the umbilicus, being particu 
larly large in the left side of the abdomen. Be 
cause the precise diagnosis was undetermined, 
pelvic angiography was decided upon and was 
performed without difficulty. 

The arterial phase (Fig. 6) showed the left 
uterine artery to be moderately tortuous in the 
parametrium and along the left lateral uterine 
wall, although its origin was narrow, as thougli 
in spasm. 

The right uterine artery followed a straight 
course in the parametrium but was quite tof 
tuous along the right lateral uterine wall. The 
uterus was situated on the left of the midline 
and the few intramural branches that were 
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visualized showed it to be moderately but not 
markedly enlarged. 

A long adnexal branch of the left uterine ar- 
tery was seen extending in a fairly tortuous 
fashion upwards out of the pelvis and ending in 
fine branches above the level of the left sacral 
ala. A smaller adnexal branch was demon- 
strated extending upwards in the midline for a 
short distance from the right main uterine 
trunk. 

It was interesting to note that the right uter- 
ine artery appeared to divide into two main 
branches in the parametrium. It is realized that 
the smaller of the two branches could possibly 
represent the obliterated hypogastric artery, or 
a rare reduplication of the uterine artery, or 
even an abnormal appearing vesical artery; but 
there are various points against these latter in- 
terpretations, and this minor anomaly is not 
relevant to the diagnosis. 

The roentgenogram of the capillary-filling 
phase showed no abnormal tumor vessels, and 
the region of the palpable mass was in fact re- 
markably free of any contrast medium. 

A diagnosis was therefore made of a large 
left adnexal tumor, deriving a considerable part 
of its blood supply from adnexal branches of 
the left uterine artery. The absence of tumor 
vessels indicated that the tumor was probably 
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nonsolid and therefore most 
ovarian cyst. 

The patient was operated upon and a multi- 
lobulated smooth tumor mass, about 30 cm. in 
diameter was seen to be arising from the left 
adnexal region. Pseudomyxoma peritonei was 
scattered over the peritoneal surface of the 
bowel, greater omentum and posterior peri- 
toneal wall. The mass was removed and a left 
salpingo-oophorectomy was performed. The pa- 
tient made an uneventful recovery. The patho- 
logic report stated that the tumor was a pseu- 


domucinous cystadenoma of the ovary. 


probably an 


Comment. According to Fernstrém® there 
does not seem to be a relationship between 
the width or course of the uterine arteries 
and the size or type of a tumor. He states 
that the width of the ramus on the side of 
the tumor is generally greater in cases of 
solid than nonsolid tumors, and that in the 
former it varies from 1.5-6.0 mm., while in 
the latter from o.5—1.5 mm. In our case of a 
nonsolid tumor the left ramus measured 
2.0 mm. at its origin and was, therefore, 
slightly larger than Fernstrém’s measure- 
ments for this type of tumor. 

Fernstrém also states that evidence of 
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(A) Arterial phase angiogram. (B) Drawing of arterial phase. 
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branching of the ramus on the side of the 
tumor is especially visible in cases of solid 
tumor, and that a nontortuous and arched 
ramus is identified predominantly in cases 


of large tumor. In our case of a large cystic 
tumor, the left adnexal branch was mod- 
erately tortuous, was not unduly arched, 
but did show terminal branching. 


DISCUSSION 
A simple method of pelvic angiography 
using an arterial cannula, trocar and probe 
is described. It allows an examination to be 
carried out in thirty minutes or less from 
the time the patient is put on the roentgeno- 
graphic table until she is taken off, and 


gives the advantages of bilateral filling of 


the pelvic vesssels as with the Seldinger 
catheter replacement technique, combined 
with the ease and convenience of per- 
cutaneous superficial femoral arteriography. 

Our experience includes the following: 

Examinations attempted............ 19 

Examinations successful. .... 15 

During pregnancy (sth-8th mo.)..... 14 
For suspected placenta previa... 13 
For associated abdominal mass. I 
For persistent postpartum mass ..... I 

All early cases in series and during development 

of technique; all for suspected placenta previa. 

One major complication was encoun- 
tered early in the series due to slowness in 
manipulation together with a failure to 
immerse the puncturing needle in heparin 
solution beforehand. This resulted in a 
small embolus entering a terminal branch 
of the right superficial epigastric artery, 
causing a local infarct with necrosis of the 
superficial tissues of the right lower quad- 
rant of the abdomen. This complication 
could have been avoided. Otherwise, only 
transient minor complications were en- 
countered such as might be expected with 
percutaneous injection of diodrast for any 
other purpose, as in intravenous pyelog- 
raphy. 

We have used pelvic angiography suc- 
cessfully for placental localization between 
the fifth and eighth months of gestation in 
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13 cases. Five cases of central placenta 
previa and 7 cases of normal placental im. 
plantation were correctly diagnosed; there 
was one error in which a left lateral wall 
placenta without placenta previa was 
diagnosed, but at operation the lower mar. 
gin of the placenta was found to be in the 
region of the internal os. 

After the eighth month of gestation the 
gravitational plain film method of placen- 
tography is accurate in the diagnosis and 
exclusion of major degrees of placenta 
previa and angiography is not justifiable, 
Whether angiography is indicated for 
placental localization before that time will 
depend on the desirability of avoiding 
possible unnecessary hospitalization in any 
given case of suspected placenta previa 
and will thus depend upon individual cir- 
cumstances. 

In one case angiography was used to make 
an exact diagnosis of an abdominal tumor 
occurring in association with pregnancy. 
The clinical diagnosis rested between a 
uterine fibromyoma and an ovarian tumor, 
and angiography showed conclusively that 
it was a fibromyoma on the upper uterine 
segment. Angiography was, therefore, of 
great value in this case as it indicated the 
precise diagnosis and the need for conserva- 
tive treatment as opposed to operative in- 
tervention. 

In the other the procedure was employed 
in the differential diagnosis of an abdominal 
mass six weeks after a normal full-term 
delivery. A correct diagnosis of an ovarian 
cyst was made. 

We have not employed pelvic angiog- 
raphy in the diagnosis of other pelvic le- 
sions, but the diagnostic value of angiog- 
raphy in other parts of the body is so well 
established that this application would 
seem to be a logical step. 

The detailed anatomy of vessels other 
than those directly related to the diagnosis 
has not been labelled on the drawings. For 
their identification, reference to the excel- 
lent paper on The Arteries of the Abdomen, 
Pelvis and Thigh by Muller and Figley"* 1s 
suggested. 
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SUMMARY 


A simple method of bilateral pelvic angi- 
ography by percutaneous femoral puncture 
is described. The indications, complica- 
tions, and failures are discussed. 

Fifteen successful examinations are re- 
ported; 13 were for suspected placenta 
previa between the fifth and eighth month 
of gestation; one was for the diagnosis of an 
abdominal tumor occurring in association 
with pregnancy; and the other was for an 
abdominal mass persisting six weeks after 
a normal full-term delivery. 


Department of Radiology 
Sunnybrook Hospital 
Toronto 12, Ontario 
Canada 
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THE ROENTGENOLOGIC INTERPRETATION AND 
USES OF PERCUTANEOUS RETROGRADE 
PELVIC ARTERIOGRAPHY* 
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jones ION techniques for studying the 
uterine and ovarian arteries in the 
cadaver were first utilized by Luschke in 
1863. Similar studies by Freund in 1904 
and Kelly and Cullen in 1909 were climaxed 
by the classic paper of Sampson?’ in 1912. 
The latter author illustrated the normal 
and myomatous uterus by conventional 
stereoscopic reproductions of 100 post- 
operative uteri injected with colored and 
radiopaque materials. His observations of 
the normal uterine arterial supply, the un- 
injectable myometrial zone, and the in- 
creased vascularity with a relative lack of 
veins within the substance of myomata 
have been confirmed by such later in vitro 
studies as Faulkner’s" in 1944. 

Not until 1930 did interest in pelvic 
arteriography of the living subject become 
evident judging from the pioneer work of 
Saito and Kamikawa. These workers de- 
scribed a method of retrograde injection 
of the femoral artery for the roentgenologic 
examination of the pelvic arteries. The fol- 
lowing year using aortography dos Santos 
and co-workers!® described the uterine 
artery in 6 cases, 1 of which was six months 
pregnant. From this meager number of 
cases they noted the increased vascularity 
of fibromyomas as opposed to ovarian 
cysts and described the placental sinuses. 
In 1935 Coutts e¢ a/.* visualized the placenta 
in all of their 12 patients near term examined 
by translumbar aortography. Farifias,! in 
1941, did retrograde aortography and 
demonstrated displacement of the pelvic 
vessels produced by a large uterine tumor. 
With the advent of the war the lack of 
rubber catheters resulted in his employing 


a retrograde catheterization of the femoral 
artery after direct exposure.'? 

The problem of diagnosis in placenta 
previa was attacked in 1948 by Hartnett! 
employing translumbar aortography. Re. 
markably enough, his only complication in 
68 patients was the induction of labor in 
many of those near term. 

The next advance was in 1952 when 
Borell e¢ al.* reported 100 obstetric and 
gynecologic patients examined by 
cutaneous retrograde iliac arteriography. 
Their observations on the blood supply of 
pelvic tumors, intrauterine pregnancies, 
and tubal pregnancies were by far the 
most complete to that time. Since then 
further contributions to the study of these 
problems have been made by such 
vestigators as Guilhelm, Smith, Sutton, 
Norman, Spanio, and Fernstrém. 

TECHNIQUE 

Although the early delineation of the 
uterine arteries was by translumbar aortog- 
raphy and the iatest reported series!’ by 
the catheter technique of Seldinger,?® we 
believe the percutaneous retrograde femoral 
artery approach to be safer, simpler, more 
comfortable for the patient, and as reliable. 
In an occasional patient the opposite 
femoral artery must be injected if needed 
for comparison or if the arterial supply toan 
area may unexpectedly be from the oppo- 
site side. Since in 80 per cent of the cases 
the opposite uterine artery from the in- 
jected femoral artery is also opacified, the 
desirability of catheterization seems even 
less indicated. 

After excluding known drug idiosyn- 


* Radiological and Obstetrical and Gynecological Departments, St. Albans Naval Hospital, St. Albans, Long Island, New York. 
The opinions expressed are those of the authors and do not necessarily reflect the views of the Navy Medical Department. 
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crasies and severe peripheral vascular dis- 
ease, the correct menstrual time is deter- 
mined by the objectives of the examination. 
All elective gynecologic examinations 
should be performed immediately before, 
during, or after menstruation to fill the 
ereatest number of intramural vessels 
and to avoid the uninjectable inner myo- 
metrial zone. 

Nothing by mouth for six hours, a low 
cleansing enema, and demerol one hour 
before the examination constitute the pre- 
operative instructions. The urinary blad- 
der is emptied for the comfort of the patient 
only, since whether the projection of the 
uterine vessels is improved or worsened is 
unpredictable. 

The patient is placed supine, bilateral 
tourniquets are placed above the origin 
of the deep femorals, the inguinal area 
prepared and cleansed with zephiran, and 
a sterile eye sheet laid over the area. With 
gloved fingers the femoral artery is palpated 
and its course marked on the overlying 
skin. Zylcaine is injected immediately 
inferior to the inguinal ligament, care being 
taken to infiltrate the tissues in juxtaposi- 
tion to the femoral artery. After inserting a 
15 gauge needle through the skin to prevent 
any binding, the operator inserts a Linde- 
man needle 20 degrees cephalad down to 
the artery. The sharp inner needle then 
transfixes the artery which has previously 
been immobilized by a finger applying 
pressure on both sides of the artery. The 
needle with the surrounding cannula is 
then inserted, and since the opposite wall is 
often pierced, the needle is slowly with- 
drawn until pulsating blood is seen and 
then quickly threaded up the artery ap- 
proximately 1 cm. The sharp inner needle is 
then removed leaving the smooth cannula. 
A saline filled disposable plastic tube with 
a 30 cc. syringe is then attached to the 
needle stopcock. While watching the pulsa- 
tion of blood in the clear tubing, the can- 
nula is clipped to the skin employing a 
tubber-shod small towel clamp. After force- 
tully injecting the saline, a test dose of the 
contrast material is injected and five min- 
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utes allowed to elapse before proceeding. 
The patient is then reminded of the fleeting 
abdominal discomfort and of the Valsalva 
maneuver with the injection to slow the 
systemic circulation. The pressure cuffs are 
inflated well above the systolic pressure and 
20 cc. in obstetric and 30 cc. in gynecologic 
patients then injected as rapidly as pos- 
sible. The tourniquets are released immedi- 
ately on cessation of the film exposures. 
The films for pregnancies consist of one 
14 by 17 inch roentgenogram in the antero- 
posterior projection exposed three seconds 
after the end of the injection; if the placenta 
is seen to be lying low, a second injection 
after a ten minute delay is performed to 
obtain a lateral roentgenogram for more 
precise localization. The bladder must be 
emptied before this repeat injection. For 
gynecologic problems the pelvis is centered 
over a serialograph, the tube angled 15 
degrees caudad, and 6 films exposed at one 
second intervals beginning halfway through 
the injection. Again the bladder should be 
emptied before a second injection to prevent 
obscuration of the pelvic arterial detail. 
Miokon 50 per cent was originally 
chosen as the contrast medium because of 
the lack of spasm in the urinary tree 
visualized on intravenous pyelography, 
suggesting a minimal irritation of the 
epithelium. In view of the oscillometric 
findings in Table 1 which compare favor- 
ably with similar studies,”® the absence of 


TABLE I 


Oscillometric Findings 


Case Before Injection After Injection 
No. 
Injected Opposite Injected Opposite 

Leg Leg Leg Leg 

I 12-18 13-17 11-18 11-16 

2 10-17 12-16 8-15 13-19 

3 g-14 10-18 11-16 8-13 

I 3-20 12-16 1O-1§ 13-20 

5 12-18 12-37 

6 12-20 10-16 10-13 10-16 


Note: The initial slight decrease in oscillations was followed by 
a moderate increase as the diluted contrast material recirculated 
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uterine arterial spasm seen on the second 
injection by other workers in one-third of 
their cases!’ and the minimal pain of short 
duration when an extravasation occurs, 
it seems that miokon is an excellent con- 
trast material for this procedure. 

After no more than two injections, the 
needle is withdrawn, firm digital pressure 
maintained over the puncture site for ten 
minutes and the patient kept in bed for two 
hours. 


COMPLICATIONS 

There has not been a serious complica- 
tion in this series of 85 patients which in- 
cludes 45 pregnant women in all trimesters. 
Fleeting lower abdominal pain during the 
injection has not been a problem as re- 
gards blurring due to motion. Nausea was 
noted in less than 10 per cent. Extravasa- 
tion of 30 cc. in I patient required no addi- 
tional analgesia or zylcaine infiltration 
and rapid roentgenographic clearing was 
noted. The examination was repeated un- 
eventfully two days later. In the pregnant 
patients neither contractions nor labor were 
initiated and there was no evidence of harm 
to the fetuses since delivered. The experi- 
ence of other workers is summarized in 
Table 11 to point out the absence of com- 


Billy P. Sammons, e¢ al. 


OcroBer, 1958 


plications with retrograde methods as op. 
posed to the experience in aortography, | 
should be noted that with the technique 
described no contrast material ascend 
farther than the bifurcation of the aort, 
so that renal, spinal cord, and_ visceral 
vascular complications are avoided. 


ROENTGEN FINDINGS 


In the adult female pelvis the simple 
fetal arrangement of the uterine artery 
supplying the uterus and the ovarian artery 
supplying the ovary is occasionally not 
retained. Following descent of the ovary, 
the anastomotic channels between these 
vessels become increasingly better estab- 
lished so that rarely the ovarian artery may 
supply the uterus and adnexa. This fact ex. 
plains the uncommon nonvisualization of 
the uterine artery with a completely opac- 
fied iliac artery. 

The origin, course, and branches of the 
uterine artery are diagrammatically illus. 
trated in Figure 1. Only if this normal dis- 
tribution is firmly in mind can variations be 
of diagnostic significance. Especially in 
interpretation of the pelvic arteries, which 
normally vary with uterine position, phase 
of the menstrual cycle, parity and the usua 
arterial variations of supply must strict 


TABLE II 


Technique 
Author and Year 


Serious 


Complications 
Comment 


Aorta Femoral Maternal Fetal 
dos Santos 1931 6 fe) fe) I case 6 mo. pregnant 
Coutts 1935 12 1 death ° meningeal hemorrhage 
Hartnett 1948 68 labor induced O° labor induced mostly 

in several near term 

Kunlin 1950 3 
Borell 1952 101 fe) Oo 21 pregnant 
Guilhelm 1952 I pregnancy near term 
Smith 1952 5 O° O pregnancies near term 
Sutton 1952 3 fe) O pregnancies near term 
Borell 1953 300 Oo fo) includes 1952 cases 
Norman 1953 25 Oo fe) all pregnant 
Spanio 1954 12 6) ° all 5~g mo. pregnant 
Borell 1954 77 
Fernstrom 1956 550 


includes cases of Borell 
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as op. | criteria for abnormal variations be de- 
shy, |; | termined. For this reason the entities 
hnigue which have readily recognizable abnormal 
scends vascular patterns are listed in Table 11. 
- aort, In addition to the notes of caution listed, 
‘isceral | the following pitfalls deserve mention: (1) 
Large numbers of intramural vessels may 
be visualized especially premenstrually 
which, if superimposed, may resemble 
simple | second month placental sinuses. It is for 
artery this reason that the diagnosis of an intra- 
artery | uterine pregnancy cannot be made with 
lv not | certainty before the third month, while 
ovary, irregular vascular lakes outside of the 
these | uterus make a diagnosis of ectopic preg- 
estab. | nancy possible in the second month. The 
‘ymay | relation of the placental site to intra- 
actex. | mural uterine vessels may be more accu- 
ion of | rately determined by filling both uterine 
opac- | arteries, and, in addition, if the placenta 
| visualizes from both unilateral femoral in- 
of the | jections, the intrauterine position is proved. : 
illus. (2) In addition to the menstrual variation, Fic. 1. Schematic diagram of the normal female ar- 
al dis § hormones can produce marked widening terial supply to the uterus and adnexa: 1—com- 
‘onshe | of the uterine arteries without affecting mon iliac artery; 2—external iliac artery; 3 
. hypogastric artery; 4—uterine artery; § cervical 
lly In the other pelvic arteries.” (3) During the branch of the uterine artery; 6—convoluted 
which second injection some contrast media branches to the uterine wall; 7 —fundal branch of 
phase cause the uterine artery to narrow mark- the uterine artery; 8—adnexal branches of the 
> usua edly, obscuring valuable signs. uterine artery. 
strict Taste III 
Condition Abnormality of the Pelvic Vasculature 
Intrauterine Pregnancy 1. Placental sinuses visualize after the second month 
2. Marked increase in tortuosity and width of the intramural vessels leading 
to the placental site 
3. Uterine artery along the uterine wall loses its tortuosity and the width 
increases 
t 4. Visualization of layering of the veins beneath the placental site 
Tubal Pregnancy 1. Placental sinuses may be identified by the end of second month 
2. Tubal branches of the uterine artery become dilated, lose their tortuosity, 
and become arched 
3. The above two signs are excellent, if observed; however, their absence does 
not suggest a diagnosis by exclusion since the detachment of the placenta 
or blood supply by the ovarian artery may be the reason for nonvisualization 
1 
: Fibromyomata 1. Intramural uterine vessels lose their tortuosity adjacent to the tumor 
Note: the fundal branch is normally straight 
2. The uterine artery is increased in width 
Adnexal Tumors 1. The adnexal branches of the uterine artery are arched and straightened 
|| 2. An increased vascularity of the solid tumors is noted 
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Fic. 2. Normal retrograde femoral arteriogram dem. 
onstrating the opacification of the opposite ilige 
artery and a normally tortuous uterine artery, 


Fic. 5. Two weeks post partum the markedly elon- 
gated, dilated, and tortuous uterine artery is vis- 
ualized. These findings do not quite revert to the 
primiparous state; therefore, the loss of tortuosity 
in a multipara is of greater significance than ina 
primipara. 


Fic. 3. A left hydrosalpinx straightened the left 
uterine artery. Note the adnexal and vaginal 
branches which are normal. Surgical confirmation. 


Fic. 6. The postmenopausal straightening and de- 
crease in the caliber of the uterine artery is strik- 
ingly illustrated in this fifty-eight year old mul 
tipara. 


Fic. 4. At surgery a large serous cystadenoma was 
found which straightened and displaced inferiorly 
the right uterine artery. 
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Fic. 7. At surgery a 6cm. in diameter left tubal preg- 
nancy was found. This explains the straight left 
uterine artery and the markedly displaced and 
crowded right uterine artery from the displaced 
uterus. The placental sinusoids were not visualized 
since with rupture the maternal arterial supply 
was no longer perfusing the placental site. 


DISCUSSION 


As in general medical and surgical prob- 
lems, angiographic techniques have _pro- 
vided clearer anatomic and functional in- 


Fic. 8. A normal placenta with the mottled appear- 
ance of the sinusoids is clearly visualized above the 
equatorial plane of the nine month pregnant uter- 
us. 


lic. 9. Following a severe hemorrhage a femoral ar- 
teriogram revealed placental sinusoids deep within 
the pelvis. The interpretation of partial placenta 
previa was confirmed by pelvic examination in the 
operating room. 
formation in obstetric and gynecologic 
cases. This type of examination is justified 
initially after meticulous planning in an 
attempt to gain new knowledge for better 
patient care. We feel that retrograde fem- 
oral arteriography has proved itself worthy 
of a permanent place as a diagnostic pro- 
cedure, but should not be used unless the 
following conditions are met: (1) simpler, 
safer, and less expensive procedures have 
failed to give the information necessary 
for the management of the case and (2) 
when the results of the examination can 
reasonably be expected to have a bearing 
on the choice between radical and conserv- 
ative therapy. 

One of the most valuable uses of this 
procedure is in suspected cases of placenta 
previa after soft tissue roentgenography 
has failed to give conclusive results. Other 
techniques such as stereoscopy, contrast 
examination of the bladder and/or rectum, 
amniography, and most meticulously ex- 
posed soft tissue studies are either far too 
hazardous or are unreliable when needed 
most. Familiar examples are abortions in 
amniography, dangerous radioactive ele- 
ments] retained in the body after placen- 
tography with thorium dioxide, and false 
results with soft tissue techniques especially 
in early pregnancies, oblique and _ trans- 
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Fic. 10. (4) During the fifth month of pregnancy a profuse vaginal hemorrhage suggested the diagnosis of 
placenta previa. Because soft tissue placentography is of no value at this developmental age, a retrograde 
femoral arteriogram was obtained. Note the tortuous uterine arteries located primarily below the equa- 
torial plane of the uterus. (B) Lateral roentgenogram exposed at three seconds after injection demon- 
strates the placenta occupying the lower uterus, confirming the diagnosis of total placenta previa. 


verse lies, and in some breech presentations. 
Placenta previa accounts for about 5 per 
cent of all maternal deaths associated with 
delivery, and, though the outcome may be 
less tragic, it is often most critical and hec- 
tic. This risk is largely obviated by early 
diagnosis and adequate therapy, but 
since most, if not all deaths follow internal 
examination, the following indications for 
arteriography seem justified: (1) hemor- 
rhage during pregnancy however slight not 
explained by inspection of the cervix or soft 
tissue roentgenography and (2) a fetal head 
unaccountably high with regard to the 
pelvic brim which cannot be made _ to 
engage by gentle external pressure. Another 
practical advantage is being able to im- 
mediately determine whether hospitaliza- 


tion, prolonged bed rest, or delay in pelvic 
examination is warranted. Again it should 
be emphasized that if the anteroposterior 
projection demonstrates a low _ lying 
placenta, a second injection to obtain a 
lateral roentgenogram will give more accu- 


rate information as regards the relation of 


the margin of the placenta to the cervical 
Os. 

In tubal pregnancy the procedure 1s 
especially valuable if the usual pregnancy 
tests are negative in view of a strong clinical 
impression. The fact that clinical difficulty 
from ectopic pregnancy is unusual before 
the sixth week Jargely removes the dis- 
advantage of the arteriogram remaining 
normal until that time. 

In uterine fibromyomata pelvic arteriog- 
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raphy can often distinguish between an 
adnexal tumor and this more benign tumor 
when the bimanual examination is equiv- 
ocal. The determination of the cause of 
uterine bleeding when other methods have 
failed can often be facilitated by the study 
of the uterine myometrial vasculature for 
otherwise undetectable fibromyomata. 

In our limited number of cases of sal- 
pingitis, we have been unable to assign any 
diagnostic significance to the pelvic vas- 
cular pattern. Except for the exclusion of a 
uterine origin, the study of ovarian tumors 
has also proved unrewarding. This is not 
in complete agreement with some previous 
reports.”'!° 

Additional avenues of investigation by 
this technique that hold promise are in the 
management of suspected and proved cases 
of hydatidiform moles and_ chorionepi- 
thelioma.® The behavior of the uterine ves- 
sels in hypermenorrhea should be studied 
employing this technique. 


SUMMARY 


The history, technique, roentgenographic 
findings, and complications of retrograde 
pelvic arteriography have been briefly dis- 
cussed. The contraindications and_ uses 
have been and illustrated to 
demonstrate the value of this relatively 
simple diagnostic procedure. 

Billy P. Sammons, Lt.(MC) 
United States Naval Hospital 
St. Albans 25, Long Island, New York 
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THE PRENATAL ROENTGEN DIAGNOSIS 


OF FETAL 


HY DROPS 


By EUGENE M. SAVIGNAC, M.D. 


DETROIT, MICHIGAN 


HE term fetal hydrops indicates the 

most severe form of erythroblastosis 
fetalis. Erythroblastosis is a condition 
characterized by fetal edema, jaundice, and 
pronounced extramedullary hematopoiesis 
involving chiefly the liver and the spleen, 
but also the other organs and tissues of the 
body. It usually occurs in infants born as 
the result of conception between a father 
with Rh positive blood and a mother with 
Rh negative blood. The Rh_ negative 
mother, however, must have been sensi- 
tized to Rh positive blood either by a pre- 
vious pregnancy or by a transfusion with 
Rh positive blood; consequently, the first 
born child is not afflicted with the disease 
unless the mother has had such a trans- 
fusion in the past. 

Ritvo, Shauffer and Krosnick’ in 1949 
gave a splendid review of the various con- 
ditions under which parents with Rh in- 
compatibility may or may not produce off- 
spring with erythroblastosis fetalis. They 
stated that from 2 to 5 per cent of children 
with Rh negative mothers develop the dis- 
ease. They also emphasized the fact that 
Rh negative blood was found practically 
only in the Caucasian race and was most 
prevalent among people of the Belgian and 
Basque nationalities. 

In recent years, however, the classic con- 
cept of the etiology of erythroblastosis fe- 
talis has been somewhat modified. So many 
exceptions to the rule have been encoun- 
tered that it has become practically impos- 
sible to predict whether or not erythro- 
blastosis will occur in any given pregnancy. 
Numerous subgroupings of blood have 
been identified as responsible and numerous 
cases of sensitization have occurred in 
parents with A and O blood groups to pro- 
duce erythroblastosis. The Rh factor has 
been shown to be a hereditary dominant 


factor and the frequency of sensitization of 


the Rh negative will depend on whether the 
husband is homozygous or heterozygous, 
following the usual mendelian hereditary 
ratios. Many cases of erythroblastosis fe- 
talis have also occurred without any appar- 
ent cause. 
CLINICAL CLASSIFICATION AND 
FEATURES 

Clinically, erythroblastosis fetalis is sub- 
divided into three types. In order of in- 
creasing severity, they are: (1) congenital 
anemia; (2) icterus gravis neonatorum; and 
3) fetal hydrops. 

Congenital anemia is the mildest and 
rarest form of erythroblastosis fetalis. It is 
characterized by marked pallor and anemia 
with numerous immature red blood cells in 
the fetal peripheral blood. It is usually self- 
limited and ordinarily does not require 
specific therapy. 

Icterus gravis neonatorum is by far the 
most common ‘orm of erythroblastosis 
fetalis. As its name implies, it is manifested 
by jaundice, which as a rule appears during 
the first day of life but may delay its ap- 
pearance for several days up to one or more 
weeks. Coincidentally, there is a progres- 
sive anemia with numerous nucleated red 
blood cells. The severe cases die with pul- 
monary or intracerebral hemorrhages, but 
most cases are cured by exchange trans- 
fusions with Rh positive blood other than 
that of the father. 

These two types ordinarily cannot be 
diagnosed roentgenographically. 

Fetal hydrops, the most severe type of 
erythroblastosis fetalis, constitutes the 
subject of the present paper. It is almost 
universally fatal during the last trimester 
of pregnancy; rarely, however, the fetus is 
born alive only to succumb within a few 
hours. Fetal hydrops is chiefly manifested 
by severe generalized edema of the sub- 
cutaneous tissues and internal organs of 
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the fetus, and also by a severe edema of the 
placenta. Boyd? states that normally the 
placenta is one-sixth or one-fifth the size 
and weight of the fetus while in fetal hy- 
drops the fetus and the placenta are almost 
equal in weight and volume. In reviewing 
the recent roentgenologic literature, this 
tremendous increase in the dimensions of 
the placenta has not been emphasized, yet 
the enlarged placenta constitutes an in- 
tegral feature of the disease. In dealing with 
fetal hydrops, the French authors have 
used a term which describes the gross path- 
ology much more accurately; they call the 
disease “‘fetoplacental anasarca,” thus im- 
pressing upon the mind the fact that the 
placenta participates in the edema equally 
with the fetus. 

In addition, the hydropic fetus is usually 
stillborn, weighs more than the usual fetus 
of a similar state of maturity because of its 
dropsical condition, ordinarily shows en- 
largement of the liver and spleen, and im- 
mature erythrocytes are present in the 
peripheral blood. 

ROENTGEN FEATURES 

The first account of fetal hydrops in the 
roentgenologic literature was Hellman and 
Irving’s‘ article published in 1938. They de- 
scribed 3 cases, 2 of which they diagnosed 
in utero on the basis of the “halo sign,” a 
“dark ring” around the fetal skull on a 
roentgenogram of the mother’s abdomen. 
They attributed this sign to edema of the 
scalp. Nowadays, the sign has been com- 
pletely discarded because it was based on 
the false physical concept that edema fluid 
is more radiolucent than other soft tissues 
or amniotic fluid. It has happened in the 
past that the normal subcutaneous fatty 
tissue of the fetus has been misinterpreted 
as the halo sign. As a matter of fact, there 
is never a halo around the fetus in fetal hy- 
drops because the subcutaneous tissue is so 
thoroughly infiltrated with edematous fluid 
that the normal fetal fat line is rendered in- 
visible or practically so. 

In 1942, Javert®® reviewed 7 cases of 
fetal hydrops stating that he found the 
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halo sign in only 2, while the remaining ; 
cases showed roentgenographically a dense 
line (the opposite of Hellman and Irving’ 
dark ring) around the fetal skull. This 
dense line was then called the halo sigp, 
Boldero and Kemp! believe that the halo 
in the illustration in Javert’s article was 
probably caused by the image of the uterine 
wall outlined by the extrauterine fatty tis. 
sue, which frequently has this appearance 
in an engaged vertex presentation. Javert 
proposed a roentgen sign which he con. 
sidered more reliable. It referred to the atti- 
tude of the fetus in utero and was called the 
“Buddha sign.”’ The fetus is described as 
showing a general extension of the torso 
and neck because the severe edema, and the 
enlargement of the liver and spleen, prevent 
the fetus from assuming its normal attitude 
of flexion of the spine. The extremities are 
held at right angles to the trunk because of 
the edema, while the lower ribs are splayed 
outwardly by the enlarged liver and spleen. 

Boldero and Kemp! accept the Buddha 
sign as helpful in advanced cases of hy- 
drops and also add that the roentgeno- 
grams show evidence of hydramnios. It ap- 
pears, however, that they probably mistake 
the image of the tremendously enlarged 
placenta for hydramnios. 

Ritvo, Shauffer and Krosnick’ as well as 
Follis, Jackson and Carnes? also describe a 
definite increase in bone density in fetuses 
afflicted with erythroblastosis. This density 
is said to involve chiefly the occiput and the 
sphenoid bones of the skull, while the other 
cranial bones are less markedly affected. 
However, in normal fetuses, the sphenoid 
and occiput always appear more dense than 
other bones in the skull. The vertebrae are 
described as exhibiting marked sclerosis 
and there are varying degrees of increased 
density in the pelvis and long bones. Ritvo 
et al.’ state that these changes can be seen 
in technically perfect roentgenograms of 
the mother’s abdomen. The present author 
has not been able to detect these changes 
with any degree of assurance. Ritvo and 
Follis and their co-workers claim that the 
increased density of the fetal bones is also 
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shown on histologic sections, while Samuel 
and Cohen® were unable to confirm this 
fact on microscopic study of the bones of 
hydropic fetus when compared with the 
bones of a non-hydropic fetus of a similar 
degree of maturity. On the other hand, 
Samuel and Cohen have published the 
roentgenogram of a non-hydropic stillborn 
fetus in which they infiltrated the subcu- 
taneous tissues on one side of the body with 
sterile water while the other side of the 
fetus was left intact. The bones on the in- 
fltrated side appeared more dense than on 
the control side. 

Thus, there appears to be a series of con- 
fusing claims and counter-claims in the 
literature concerning the roentgen diag- 
nosis of fetal hydrops. The author will at- 
tempt to eliminate as much of the confu- 
sion as possible. 

As in practically any other disease condi- 
tion, the roentgen diagnosis will depend 
upon a strict adherence to the gross patho- 
logic findings correlated to the appearance 
of these findings on roentgenograms. 

In fetal hydrops, we are essentially faced 
with a dead fetus in the third trimester of 
pregnancy, showing a severe generalized 
edema, enlargement of the liver and spleen, 
and a pronounced enlargement of the 
placenta. There is no major increase in the 
amount of amniotic fluid as there is no 
room for excessive fluid in the uterine 
cavity which is already distended by the 
fetus and the large placenta. 

Routinely, our roentgenologic studies of 
the pregnant mother consist of an antero- 
posterior roentgenogram of the abdomen, a 
heavily penetrated lateral roentgenogram 
of the pelvis and abdomen, and a lateral 
soft tissue roentgenogram of the uterus and 
fetus. These roentgenograms will usually 
show: 

1. 4 dead fetus in the last trimester of 
pregnancy with signs of fetal death such as 
collapsed cranial bones and/or gas in the 
fetal heart and great vessels. 

2. Edema of the fetus. Normally, the fetus 
shows a layer of subcutaneous fat outlining 
the contour of the body and extremities. 


Roentgen Diagnosis of Fetal Hydrops 


675 


Snow® was the first to emphasize the im- 
portance of this fetal fat line in the diagno- 
sis of various pathologic conditions of preg- 
nancy. The fat line on good roentgeno- 
grams can be easily recognized throughout 
the last three months of pregnancy. It be- 
comes more pronounced and heavier as 
term approaches and in large fetuses. Of 
course, it can be seen only because of the 
greater radiolucency of fat when compared 
to the other soft tissues. 

In fetal hydrops, the fat line becomes in- 
visible or nearly so, because of infiltration 
of this fatty tissue by edema. In obese 
women and in hydramnios, the fat line is 
much less distinct but can usually be recog- 
nized on careful study since there is no in- 
filtration of the fetal fatty subcutaneous 
tissue. 

3. Evidence of a large placenta. In techni- 
cally satisfactory roentgenograms, the out- 
line of the entire uterus can be easily traced 
and its borders easily determined. The 
large placenta of fetal hydrops displaces the 
fetus within the uterus. Depending upon 
the site of implanation, the placenta 
causes a major shift of the entire fetus 
within the uterus to the right or left, front- 
ward or backward, etc. Roentgenologically, 
the placenta itself casts no pathognomonic 
shadow. We know, however, that in hy- 
drops the placenta is very large and con- 
sequently will occupy almost half of the 
volume of the uterine cavity and it must 
necessarily displace the fetus into the re- 
maining free half of the uterus. Naturally, 
a large intrauterine tumor such as a fibroid 
or a large extrauterine mass could also pro- 
duce such a fetal shift, but in such in- 
stances, the fetal fat line remains visible 
since it is not infiltrated by edema. 

Furthermore, in hydramnios the pla- 
centa is of normal size and the fetus floats 
freely in the excessive fluid and remains 
centrally located within the uterus; there is 
no major shift of the fetus. Thus the dis- 
tinction between a large placenta, intra- 
uterine or extrauterine tumors, and hy- 
dramnios should not occasion much diff- 
culty. 
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Lastly, in the differential diagnosis, ab- 
ruptio placentae with a large retroplacental 


hematoma could produce a major shift of 


the fetus but here again the fetal fat line 
remains plainly visible. 

4. Abnormal attitude of the fetus. This is 
also directly related to the fetal edema. 
Normally, the fetus tends to curl up into a 
position resembling a ball. In hydrops, 
however, the severe edema of the soft 
tissues of the anterior portion of the neck, 
chest and abdomen produce a straightening 
out of the entire trunk and the neck. The 
arms and legs, being swollen, are no longer 
flexed upon the body but tend to project at 
right angles to the trunk. The enlargement 
of the liver and spleen also causes the lower 
ribs to lie at right angles to the vertebral 
column instead of slanting downward. This 
has been well described by Javert*® as the 
“Buddha sign.” 

In the author’s experience, no conclusive 
evidence of increased density of the fetal 
skeleton can be shown on roentgenogr ams 
of the mother’s abdomen. 

The mother is usually a white multipara 
with Rh negative blood while the father is 
Rh positive. The first pregnancy as a rule 
is normal. It must be realized, however, 
that there are numerous exceptions to this. 


REPORT OF CASES 


Case 1. M.C., a white thirty-six year old 
woman, had 3 normal living children born in 
1945, 1947 and 1950. A full term stillborn was 
delivered in 1949 showing signs of erythro- 
blastosis. 

The present pregnancy was due to terminate 
on August 5, 1955. The patient was admitted 
to the hospital on May 9, 1955 after two weeks 
of vomiting and dependent edema. She also had 
a small sudden painless vaginal hemorrhage 
about three hours before admission. The mother 
was Rh negative and the husband Rh positive. 
The mother’s red blood cells were agglutinated 
by Rh positive blood in a titer of 1 to 8. On ad- 
mission, the fetal heart could not be heard. The 
uterus corresponded to an eight month preg- 
nancy in size. 

Anteroposterior and lateral roentgenograms 
of the abdomen (Fig. 1, 4 and B) on admission 
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Savignac Ocroser, 
showed a large uterus containing a small fetys 
of five and one-half to six months’ gestatigp, 
The fetus was displaced far to the left and some. 
what downward and dorsally in the uteny 
(presumably by the enlarged placenta). Ga 
could be faintly seen in the fetal heart and 
there was no visible fetal fat line. The fetys 
was markedly straightened out with its armsat 
right angles to the body. The lower ribs were 
splayed. 

On May 11, 1955 the patient spontaneously 
delivered a hydropic macerated female fetus 
weighing 4 pounds and 5 ounces (2,180 gm), 
The placenta was markedly edematous and 
weighed 4 pounds and 4 ounces (2,150 gm) 
(Fig. 2). There was no hydramnios. 

Autospy showed a severe hydrops of all the 
tissues. The chest cavity contained 400 ce. of 
fluid and the abdomen 300 cc. The liver and 
spleen were not enlarged. Microscopically, all 
the viscera showed edema and foci of immature 
red blood cells. The diagnosis was hydrops fe. 
talis. 


Case ut. M.S., a white woman aged thirty- 
one, had normal living children born in 1945 
and 1951. Another child born in 1947 died nine 
days after birth of erythroblastosis. The 
mother had Rh negative blood, while the fa- 
ther’s blood was Rh positive. 

The present pregnancy was uneventful and 
the patient was admitted in labor on Novem- 
ber 15, 1955, the expected date of confinement. 
On examination, the fetal heart sounds could 
not be heard. 

Roentgenograms (Fig. 3, 4 and B) showed a 
fetus near term with a rather large collection of 
gas in the heart indicating fetal death. The 
fetal fat line could be faintly visualized but 
was not nearly as prominent as usually seen in 
a fetus practically at term. There was a rather 
large placenta on the right anterior wall of the 
uterus, displacing the fetus to the right and pos- 
teriorly. No abnormal attitude of the fetus was 
noted and there was no evidence of hydram- 
nios. 

The patient delivered spontaneously a few 
hours later, an extensively macerated, hydrop- 
ic female child weighing 8 pounds and 5 ounces 
(3,830 gm.). The placenta was described as be- 
ing much enlarged and edematous but was not 
weighed. 

At autopsy, the fetus showed severe general- 
ized edema, and a large liver and spleen. Con- 
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Roentgen Diagnosis of Fetal Hydrops 


Fic. 1. Case 1. (4 and B) A six month fetus showing air in the fetal heart. Note the marked displacement 
of the fetus to the left and posteriorly by the enlarged placenta on the right anterior wall of the uterus. 
There is no visible fetal fat line and the fetus is straightened out. 


siderable fluid was present in both the chest 
and abdomen. The viscera showed edema and 
marked infiltration with nucleated red blood 
cells microscopically. 


Case ut. P.N., a white twenty-six year old 
woman, had one living child following the first 
pregnancy. Three subsequent pregnancies re- 
sulted in one miscarriage at four months and 
two stillbirths. There was Rh incompatibility 
between her blood and that of her husband. 

The present pregnancy was uneventful until 
about the thirtieth week when the mother be- 
gan developing edema, nausea and rapid en- 
largement of the abdomen. She was admitted 
at about the beginning of the eighth month in 
mild labor. The fetal heart sounds were in- 
audible and the abdomen quite large. 

_ Roentgenograms (Fig. 4, 4 and B) showed a 
fetus of eight months’ gestation which was dis- 
placed dorsally within an enlarged uterus by a 
large placenta implanted on the anterior wall 
of the uterus. The fetus was decidedly straight- 
ened out and showed no visible fetal fat line. 
lhere was definite collapse of the cranial bones. 


Fic. 2. Photograph showing the markedly edema- 
tous fetus and placenta, shown in Figure 1, after 


birth. 
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Fic. 3. Case u. (4 and B) Large placenta displacing the full term fetus to the left. Note the poor fetal fat 
line, air in the fetal heart and collapse of the cranial bones. 


Fic. 4. Case u1. (4 and B) Note the dead eight month fetus displaced posteriorly by the large placenta. 
There is no fetal fat line and the fetus is markedly straightened out. 
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Roentgen Diagnosis of Fetal Hydrops 
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Fic. §. Case 1v. (4, B and C) Dead six month fetus displaced posteriorly by the large anterior placenta. No 
fetal fat line can be visualized. The fetus is straightened out. There are also enchondromata of the right 
femur and ischium of the mother. 


On the day of admission (October 17, 1957) a 
macerated hydropic female child weighing 3 
pounds and 2 ounces (1,420 gm.) was delivered 
by breech extraction. The placenta was not 
weighed but it approximated the size of the 
fetus and was also edematous; microscopically, 
it showed evidence of erythroblastosis. 


Case tv. F.Q., a twenty-seven year old white 
female, had a normal live birth in 1954 and a 
full term stillborn in 1957. There was Rh in- 
compatibility between herself and her husband. 

In the present pregnancy, the estimated date 
of confinement was April 29, 1958 but she was 
admitted on January 22, 1958 following two 
weeks of nausea and vomiting and a sudden 
gain in weight of 10 pounds during the previous 
week. The uterus appeared much larger than 
a six month pregnancy and no fetal heart 
sounds were heard. 

Roentgenograms (Fig. 5, 4, B and C) 
showed a single fetus crowded into the pos- 
terlor portion of the uterus by a large placenta. 
The fetus was markedly straightened out and 
showed no fetal fat line. 

On the same day the patient delivered a 
macerated, hydropic female weighing 2 pounds 
and 11 ounces (1,230 gm.). The large edematous 
placenta weighed 3 pounds (1,360 gm.) and 
showed microscopic evidence of erythroblasto- 
sis. There was no hydramnios. 


SUMMARY 


1. A review of the salient clinical fea- 
tures of fetal hydrops and of the roentgeno- 
logic literature 1s presented. 

2. An attempt is made to correlate the 
gross pathology of fetal hydrops with the 
roentgen diagnosis before birth. 

3. The roentgenographic manifestations 
of fetal hydrops consist essentially of ob- 
literation of the fetal fat line in a dead 
fetus, which is found markedly displaced 
within the uterine cavity by a large edema- 
tous placenta. The fetal edema also pro- 
duces a straightening out of the normally 
flexed fetus. 

Holy Cross Hospital 


4777 E. Outer Drive 
Detroit 34, Michigan 
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By OLOV 


T ROENTGEN examination of rela- 
tively mature fetuses before delivery, 
, zone of reduced density is usually dis- 
covered around the head of the fetus, pro- 
duced by the subcutaneous layer of fat. If 
the fetus is dead, this transparent zone in 
certain cases is separated from the cranium 
by a laver of the same density as the other 
soft tissues of the fetus. This finding was 
described for the first time by Deuel® in 
i947 aS a sign of intrauterine fetal death. 
His observation was based on 4 cases. 

Since then, Deuel has been quoted fre- 
juently in articles dealing with roentgeno- 
logic signs of intrauterine death of the 
however, very few authors have giv- 
en a description of this finding based upon 
their own observations. 

From October, 1953 to January, 
inclusive, I have indie systematic roent- 
genologic examinations of all women 
treated at the obstetrical department of 
Lainslasarettet, Falk6ping, in whom intra- 
uterine fetal death was suspected and | 
have further examined all dead fetuses. 
These examinations were principally made 
with the intention of studying the fre- 
quency of and conditions causing the 
formation of gas in the fetuses at intra- 
uterine death. The results obtained have 
been reported in a number of articles.°~° 

The following facts can now be con- 
sidered as having been established as re- 
gards the formation of gas in the dead 
fetus: (1) gas usually forms in the vascular 
system of the fetus. In certain cases it is 
also found outside the vascular system as, 
for example, in the peritoneal cavity or 
skull, and rarely it diffusely infiltrates the 
retroperitoneal tissues; (2) free gas in the 
letus is a common finding in case of intra- 
uterine death of the fetus; (3) if present, it 
can be demonstrated roentgenologically 
with a fair degree of certainty before de- 


fetus; 


1958 


DEUEL’S HALO SIGN* 


FR. HOLM 


FALKOPING, 


SWEDEN 
livery; (4) free gas often appears earlier 
than other roentgenologic signs of intra- 
uterine death of the fetus; (5) frequently, 
free gas in the fetus is the only roentgeno- 
logic sign of intrauterine death; and (6) the 
only factors which appear to have a posi- 
tive bearing on the formation of gas are the 
degree of maceration and the maturity of 
the fetus. The more advanced both of 
these factors, the greater the formation of 
gas. 


MATERIAL AND RESULTS OF STUDY 


The present material comprises 64 dead 
fetuses, of which 40 had been examined be- 
fore as well as after delivery. Deuel’s halo 
sign was observed in g instances. Several 
authors earlier considered this finding to be 
unusual; however, in 1957 Borell and Fern- 
strém,” in a published report of 42 cases of 
intrauterine death of the fetus, described 
Deuel’s halo sign in 14 cases, indicating that 
the finding more common than 
formerly supposed. 

The incidence of the various roentgeno- 
logic signs of intrauterine fetal death ob- 
served in the author’s material is given in 
lable 1. As may be seen, in several of the 
cases more than one sign of death of the 
fetus had been present. At least one sign 
was demonstrated in 31 cases, enabling a 
roentgenologic diagnosis of intrauterine 
death in more than 75 per cent. 

The degree of maceration was evaluated 
according to the grading of Martius e¢ a/." 
which is as follows: Degree 1. The epidermis 
is loose or detached in small areas. This 
occurs a few hours after fetal death. De- 
gree 11. The skin is raised by large blisters 
and can be easily scaled off in big flakes. 
In this case the death of the fetus has 
taken place one to three days previously. 
Degree 111. Hemolysis and inbibition of the 
tissues with blood pigment cause the fetus 
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TABLE I 


INCIDENCE OF ROENTGENOLOGIC SIGNS OF 
INTRAUTERINE FETAL DEATH DEMON- 
STRATED PRIOR TO DELIVERY 


: . No. with 
Signs of Intrauterine No. of es 
Single 
Fetal Deaths Cases Fis 
Sign 
A. Head 
1. Spalding’s sign 9 I 
2. Deformity of skull 7 
3. Deuel’s sign 9 > 
B. Trunk 8 5 
C. Gas in Fetus 19 8 
TABLE I] 


DEGREE OF MACERATION AND NUMBER OF CASES 
PRESENTING DEUEL’S HALO SIGN 
AND FREE GAS 


Degree of No. of || Presenting Presenting 
Maceration Cases Deuel’s Sign’ Free Gas 
3 I 
I] 14 I 8 
23 11 
Total 40 9 19 


to become red-brown in color (fetus san- 
guinolentis). The bone connections become 
loose and the cranium is soft and fluctua- 
ting. Generally, this occurs three to four 
weeks after death. 

Table 11 shows the degree of macera- 
tion and the number of cases presenting 
Deuel’s halo sign and free gas in the au- 
thor’s series. It may be noted that both 
signs occurred more frequently when the 


Fic. 1. Living fetus. The subcutaneous layer of fat 
around the head of the fetus is situated in direct 
contact with the cranium of the fetus. 


Olov Fr. Holm CcTOBER, I9¢3 


Fic. 2. A fetus which had been dead for a period of 
seven days. The subcutaneous layer of fat ap. 
pears as a transparent zone similar to a halo and is 
separated from the cranium by a layer 3 mm. in 
width and of the same density as the other soft 
tissues of the fetus. 


maceration was more advanced, although 
as a whole they were observed earlier than 
other signs of intrauterine fetal death. In§ 
cases, roentgenologic demonstration of 
free gas made possible the diagnosis within 
three days after the death of the fetus and 


Fic. 3. A fetus which had been dead for a period of 
ten days. There is evidence of a great amount o! 
gas in the abdominal aorta. 
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occasionally within twenty-four hours. 
Deuel’s sign in one case had been present 
for a period of twenty-four hours, after 
which the fetus was considered to be dead. 

The author’ has shown earlier that the 
formation of gas in the fetus is in direct 
proportion to the degree of the maturity 
of the fetuses at death. This was based on a 
study of a number of dead fetuses. As re- 
gards Deuel’s sign, its frequency also in- 
creases as maturity advances. This is prob- 
ably due to the fact that the subcutaneous 
layer of fat is hardly seen in small fetuses. 
The roentgenologic sign of fetal death prin- 
cipally noted at this time is maceration of 
the trunk. The fetuses exhibiting formation 
of gas had an average length of 50 cm. and 
an average weight of 2,760 gm. The cor- 
responding figures were 50 cm. and 2,580 
gm., respectively, for the fetuses with the 
Deuel halo sign, and 44 cm. and 1,750 gm., 
respectively, for the fetuses with maceration 
of the trunk. 

CONCLUSION 


1. Intrauterine fetal death can be de- 
termined in the majority of cases (>75 per 
cent) by means of a roentgenologic exami- 
nation. 

2. Free gas is the most common and the 
most important sign of fetal death. 

3. Deuel’s halo sign is not an unusual 
finding and is encountered as often as 
Spalding’s sign. 

4. In cases where the death of the fetus 
occurs when the fetus is almost at term, 
free gas and Deuel’s halo sign are fre- 
quently noted, whereas when the fetus dies 
in an early stage of development, the most 
common roentgenologic sign of death is the 
maceration of the trunk. 

Department of Radiology 

Lanslasarettet 

Falképing, Sweden 
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TRAUMATIC RUPTURE OF THE GRAVID UTERUS 


By C. E. 


PARKINSON, M.D. 


BATTLE CREEK, MICHIGAN 


UPTURE of the gravid uterus incident 
to the forces of labor is a catastrophic 
obstetric emergency of sufficient frequency 
to be well described and quickly recognized. 
However, rupture of the gravid uterus as a 
result of external violence and trauma is a 
relatively rare and seldom reported event. 
The gravid uterus, with its membranes 
and surrounding fluid, is a highly efficient 
shock-absorber. Even severe pelvic frac- 
tures may be experienced without apparent 
damage to the uterus or its contained fetus. 
The uterus, however, can be ruptured by 
external violence. Two factors, the increas- 
ing incidence of major motor vehicle acci- 
dents and the present high birth rate, pro- 
duce a situation in which traumatically rup- 
tured gravid uteri must be considered in 
evaluating seriously injured women. 
The following brief case report illustrates 
the value of roentgenographic examination 
in recognizing this phenomenon. 


REPORT OF A CASE 


An eighteen year old divorced white woman, 
gravida 11, para 1 (by classic cesarean section), 
was admitted to the emergency room uncon- 
scious and in deep shock following a major au- 
tomobile crash. Rapid examination indicated 
severe head injury with fractured skull, shock 
and fractures of the appendages and ribs. Blood 
pressure was unobtainable. 

Immediate plasma followed by 2,500 cc. of 
whole blood and other therapy stabilized the 
blood picture and shock in twenty-four hours. 
Unconsciousness persisted some eighteen hours. 
Blood was noted on the perineum and a cathe- 
terized urine specimen was packed with red 
blood cells. Consequently, a bed-side cysto- 
gram was obtained utilizing portable roentgen- 
ray equipment. This examination (Fig. 1) re- 
vealed an intact bladder and also a fetal skele- 
ton of approximately five months’ gestation. 
The fetus was lying transversely in the abdo- 
men, well out of the pelvis, and with the skele- 
ton showing no constricting influence of a sur- 
rounding uterus. The examination indicated 


Fic. 1. Roentgenogram reveals an intact bladder and 
a fetal skeleton of approximately five months’ 
gestation, lying transversely in the abdomen, 
well out of the pelvis. A diagnosis of uterine rup- 
ture with extrusion of the fetus into the peritoneal 


cavity was suggested. 


probable uterine rupture with extrusion of the 
fetus into the peritoneal cavity. 

The patient’s precarious condition, due to 
her head injuries, was thought to contraindi- 
cate abdominal surgery in view of her satis- 
factory response to transfusions. 

Sixteen days after the accident her condition 
permitted more detailed roentgenographic ex- 
amination. The original diagnosis was con- 
firmed by this study (Fig. 2). 

Twenty-four days after the accident lapa- 
rotomy was performed. A five to five and a half 
month fetus was removed from the peritoneal 
cavity in a macerated condition. Multiple frag- 
ments of placenta were found attached to the 
mesenteries and bowel wall. A large ragged rent 
was found in the fundus of the uterus and most 
of the uterine body was disintegrated and 
necrotic. A total hysterectomy was performed 


684 


| 


BER, 1958 


US 


dder and 
months’ 
bdomen, 
‘ine rup- 
-ritoneal 


1 of the 


due to 
traindi- 
r satis- 


ndition 
hic ex- 
is con- 


t lapa- 
a half 
-jtoneal 
le frag- 

to the 
ed rent 
id most 
and 


formed 


Fic. 2. Roentgenogram made sixteen days after 
accident confirming the diagnosis. 


without difficulty. The patient recovered with 
surprising rapidity and left the hospital seven 
days after surgery. 


DISCUSSION 

It is of interest that without emergency 
surgical intervention, this traumatic rup- 
ture of a gravid uterus produced a degree of 
hemorrhage satisfactorily compensated by 
transfusions. 

Titus! describes a phenomenon of “Silent 
Rupture of the Pregnant Uterus” occurring 
spontaneously before the onset of labor, and 
producing less of a crisis than rupture 
associated with labor. He postulates that 
in these instances rupture occurs in the 
thin, less vascular, more contractile portion 
of the uterus. Even if the fetus and mem- 
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branes are extruded from the uterus, 

hemorrhage may be relatively slight due to 

the rapid contraction of the uterus. It is 
likely that a similar mechanism operated in 
our case with the force of violence being 
directed toward the fundus rather than to- 
ward the vascular and less contractile 
lower segment as occurs 1n labor. 

The roentgenographic findings in this 
case resemble those reported by Zuppinger:? 

1. A fetus lying high in the pelvis or in 

the abdomen. 

. A fetal position demonstrating no ad- 
justment to a surrounding envelope 
of uterine muscle. 

3. An absence of a demonstrable uterine 

shadow. 

4. Evidence of free fluid in the peritoneal 

cavity. 


SUMMARY 


1. Rupture of the gravid uterus must be 
considered in women suffering major 
trauma. 

2. Roentgenographic examination is of 
great value in making the diagnosis. 

3. A case is briefly described in which 
(a) the roentgenographic findings per- 
mitted diagnosis and (b) hemorrhage was 
controlled without emergency surgery. 
Route 3, Box 605 
Battle Creek, Michigan 
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GARTNER’S DUCT 


By JOSEPH F. WEPFER, M.D.,* and JOHN E. SINSKY, M.D.+ 


MILWAUKEE, WISCONSIN 


N 1952 Bianchi, Appli and Wilk? de- 

scribed an unusual and interesting find- 
ing on hysterosalpingography. Within the 
uterine wall they found a linear shadow 
filled with contrast medium which extended 
from the region of the cervix to the cornu. 
Recently, we observed the same structure 
and, in agreement with the above authors, 
attributed it to the presence of a persistent 
Gartner’s duct. To our knowledge this 
finding has not been reported in the Amer- 
ican literature. 

In our case (Fig. 1) the patient was be- 
ing investigated because of repeated spon- 
taneous abortions. Except for filling of the 
duct, which is shown to advantage in the 
right posterior oblique view (Fig. 2 and 3), 
the roentgenographic findings were normal. 
Physical examination was not contribu- 
tory. We reviewed 312 hysterosalpingo- 
grams after encountering our case and were 
unable to find another instance in which 
the duct opacified. 

Pathogenesis can most advantageously 


lic. 1. Anteroposterior roentgenogram illustrating a 
segment of Gartner’s duct adjacent to the uterine 
cavity on the left. Note residual barium in the 
colon. 


Kic. 2. Right posterior oblique roentgenogram. The 
duct is more clearly delineated and is shown ex- 
tending from the region of the cervix to the cornn 
uteri. 


be discussed after a brief consideration of 
the pertinent embryologic factors. 
EMBRYOLOGY! 

The urinary and reproductive systems 
arise from mesoderm and are closely allied 
during the course of development. The 
intimacy and complexity of these develop- 
mental relationships are thoroughly de- 
scribed by Gruenwald.’ 

Three different types of urinary organs 
are found in vertebrates (Fig. 4). The 
simplest is the pronephros which consists 
of tubules and an excretory duct ending in 
the cloaca. It functions only in a few lower 
forms. Fish and amphibians are served by a 
somewhat more complex excretory organ, 
the mesonephros. This structure contains a 
greater number of tubules and retains the 
pronephric duct which at this stage of 
development is known as the mesonephric 
or Wolffian duct. The final and most com- 
plex organ of excretion, the metanephros, is 
found in reptiles, birds and mammals. 


* Department of Radiology, St. Joseph’s Hospital, Milwaukee, Wisconsin. 
t Department of Obstetrics and Gynecology, St. Joseph’s Hospital, Milwaukee, Wisconsin. 
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lic. 3. Enlargement of area of interest in Figure 2. 


In the human the pronephros appears as 
a vestigial structure. The mesonephros, or 
middle kidney, is a fairly well developed 
unit. The tubules and the greater portion of 
the mesonephric duct degenerate in the fe- 
male. That portion which persists is known 
as Gartner’s duct. Remnants of it may be 
located in the broad ligament, in the wall 
of the uterus or in the wall of the vagina 
(Fig. 5). Gartner’s duct cysts are one of the 
commonly encountered benign vaginal 
tumors.° The cysts are usually found on the 
anterolateral wall and vary in size and 
number. Although generally small, a cyst 
may occasionally become so large that the 
vagina can no longer accommodate it. In 
the male, portions of the mesonephric duct 
are utilized as functional sexual ducts. 

The female genital organs are derived 
from the two Miillerian ducts. The caudal 
ends fuse to form the uterus and possibly 
the proximal portion of the vagina. Various 
anomalies of the female genital tract result 


from incomplete transformation of the 
Miillerian ducts. In the male these ducts 
largely degenerate. The few remnants 
which persist are without clinical signifi- 
cance (appendix testis, prostatic utricle). 


DISCUSSION 


Bianchi ef a/. found 11 examples of this 
type of opacified duct among a total of 660 
hysterosalpingograms. In their material 
the duct was found 4 times on the right 
and 7 on the left side. Bilateral filling did 
not occur. In g instances an associated sal- 
pingitis was observed and it was their opin- 
ion that the presence of Gartner’s duct pre- 
disposes to this condition. 

Microscopic remnants of Gartner’s duct 
are said to be found in about one-fourth of 
all adult females.' Sakuraoka’ reported its 
presence in about 20 per cent of all Jap- 
anese women above the age of seventeen. 
His microscopic studies of the uterus and 
vagina indicated that the ductal remnants 
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lic. 4. Location and relations of the three kidney types in mammals (semidiagrammatic). (4) Ventral 
dissection, the left side showing a later stage than the right. (B) Lateral view, with nephric system and 
gut showing through. (Reproduced by permission from “Developmental Anatomy” by L. B. Arey. W. B. 
Saunders Company, Philadelphia and London, 1954.) 


Isthmus tubae 


Fundus uteri 


Pars uterina tubae 


Cavum uteri 


Canalis cervicis 


Orific1um externum uteri 


Vagina 


Miillerian duct 
Mesovarium 


Mesosalpinx 
Epoophoron (wolffian body) (parovarium) 
Hydatids of wolffian body 

Ampulla tubae 


Plexus venosus ovaricus 


Fimbriae tubae 


. Appendix vesiculosa 
(hydatid of Morgagni) 


Ovarium 


_ Wolffian duct 
Uterine portion Gartner's duct 


lic. 5. Relations of the Millerian, Wolffian and Gartner’s ducts to the uterus and adnexa. Gartner’s duct 
is the inferior continuation of the Wolffian duct. (After Cullen in Callander: Surgical Anatomy, third 
edition. W. B. Saunders Company, Philadelphia and London, 1952.) 


occurred with greater frequency on the left 
side. These remnants were discovered to be 
bilateral four times. He also observed that 
the duct was frequently either tortuous or 
divided at the level of the internal os. On 
occasion it is believed one of these branches 
may communicate with the lumen of the 
uterus and account for instances of ab- 


normality of the urinary tract in which a 
ureter ends in the uterus, cervix or va- 
gina.*> The ureter, of course, arises from 
an outpouching of the lower end of the 
mesonephric duct. 

The possibility that the linear shadow 1s 
derived from one of the Millerian ducts 
must be carefully considered. If this were 
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true, one might reason that there ought to 
be coexisting uterine abnormalities or at 
least some uterine asymmetry. Reference to 
Gruenwald’s work, however, indicates that 
this type of data is difficult to interpret 
inasmuch as abnormalities of the urinary 
and genital tracts may be associated. The 
original authors found an associated uterus 
arcuatus and several hypoplastic uteri and 
recommended looking for concurrent 
anomalies in the presence of an opacified 
duct. In our material we found a number of 
congenital uterine abnormalities and nu- 
merous examples of tubal occlusion but in 
none of these instances was the duct opaci- 
fied. 

Consideration of urinary tract abnormal- 
ities also has not contributed significantly 
to the solution of this issue. In neither the 
original article nor in our study were uri- 
nary tract alterations observed. Pyelog- 
raphy was not performed in our patient 
but no renal abnormalities were noted on a 
postevacuation roentgenogram following an 
examination of the colon. 

Bianchi e¢ a/. felt that a definite decision 
as to the histogenetic origin of the structure 
could only be made on microscopic analysis. 
Gardner ef a/.4 have stated that they are 


able to differentiate those structures of 


mesonephric origin from those of para- 
mesonephric (Miillerian) origin. As far as 
we know, a duct which has been demon- 
strated on roentgenograms has never been 
studied histologically. 
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CONCLUSIONS 


1. Gartner’s duct may be opacified dur- 
ing hysterosalpingography. 

2. A single case with roentgenographic 
findings is reported. A review of 312 other 
hysterosalpingograms yielded no further 
instances in which the duct was opacified. 


Joseph F. Wepfer, M.D. 
St. Joseph’s Hospital 
so00 W. Chambers Street 
Milwaukee 10, Wisconsin 
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REDUCTION OF RADIATION HAZARD IN 
OBSTETRIC ROENTGENOGRAPHY* 


By WALTER M. WHITEHOUSE, M.D., CHARLES S. SIMONS, Pu.D., 
and TOMMY N. EVANS, M.D. 


ANN ARBOR, MICHIGAN 


NE of the byproducts of the age of 

atomic energy is the extension of rapid 
dissemination of scientific information to 
the scientific community and to the lay 
public as well. Part of this information and 
much of its emphasis has been concerned 
with hazards of exposure to excessive 
radiation. Data concerning radiation-in- 
duced genetic damage in experimental 
animals have received widespread atten- 
tion. Much publicity has attended recom- 
mendations of various committees to limit 
the use of medical roentgenography in pa- 
tients prior to and during their reproduc- 
tive years.'’ Attention has been called to 
the possible increase in the incidence of 
leukemia and other neoplasms during in- 
fancy and childhood in patients previously 
exposed in utero to diagnostic obstetric 
roentgenography.° 

Because both mother and fetus are in- 
cluded in antepartum roentgenography, it 
is doubly important that all available meas- 
ures be taken to reduce exposure to radia- 
tion during these examinations. Obstetric 
consultants and their patients must be as- 
sured that every effort is thus made to con- 
serve the somatic and genetic health of 
both mother and child. 

The potential effects of excessive ex- 
posure to roentgen radiation on current and 
future generations add a note of urgency 
to attempts to reduce this hazard. This 
necessitates a broad attack on the problem 
utilizing every feasible approach. The im- 
portant points of attack can be indicated as 
follows: (1) Use of roentgenography only 
for sound clinical indication; (2) standard- 
ization and simplification of roentgeno- 
graphic methods; (3) adequate aluminum 


filtration at tube aperture with supple. 
mentary brass wedge filter; (4) use of re. 
cently available fast film; and (5) use of 
fast screens, with faster screens to be em- 
ployed as they become available. 

In view of the necessity of limiting the 
exposure of these patients to diagnostic 
radiation, routine roentgen pelvimetry for 
primiparous patients is no longer justified, 
Roentgen examination during pregnancy 
should be reserved for those cases in which 
roentgenograms will provide information 
essential to the solution of a major obstetric 
problem. A sampling of cases coming to 
obstetric roentgenography under this cri- 
terion over a five year period reveals the 
following clinical indications: 

I. Investigation of possible cephalopelvic 

disproportion. 
A, Ante partum. 
1. Small pelvis by manual measure- 
ment. 


2. Breech presentation in primigravida 
at term. 
3. Failure of presenting part to engage 
in primigravida. 
4. Previous injury to maternal pelvis. 
5. History of previous difficult labors. 
B. Intra partum. 


1. Failure of labor to progress nor- 
mally. 
II. Determination of fetal maturity. 
A. Repeat cesarean section. 
B. Pre-term induction of labor for eryth- 
roblastosis fetalis. 
C. Pre-term induction or section for ma- 
ternal diabetes. 
D. Induction for toxemia. 
III. Determination of fetal position when clin- 
ical findings are inconclusive or suggest 
abnormal position. 


* From the Departments of Radiology, and Obstetrics and Gynecology, University Hospital, Ann Arbor, Michigan 


This material was presented in exhibit form at the Fifty-eighth Annual Meeting of the American Roentgen Ray Society, Wash- 


ington, D. C., October 1-4, 1957. 
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[V. Determination of placental localization in 
cases with bleeding during late pregnancy. 
\V. Investigation of excessive uterine enlarge- 
ment. 
A. Multiple pregnancy. 
B. Hydramnios. 
C. Molar pregnancy. 
D. Error in menstrual history. 
VI. Confirmation of fetal death or investiga- 
tion of suspected fetal anomaly. 


When good clinical judgment is exercised 
in calling for appropriate roentgen  ex- 
amination, the essential data are obtained 
in sufficient time for satisfactory solution 
of the clinical problem. Omission of routine 
roentgen pelvimetry for primiparous pa- 
tients does not increase the ultimate ob- 
stetric risk if a thorough clinical evaluation 
is carried out with close observation of the 
patient during labor. Obstetric roentgenog- 
raphy, then, should not be employed rou- 
tinely but only when necessary to provide 
an answer to a specific and significant clini- 
cal question. 


ROENTGENOGRAPHIC METHODS 
The object of obstetric roentgenography 
is to provide information otherwise un- 
obtainable to the clinician; he may then 
correlate it with clinical findings and arrive 


at an appropriate plan of management of 


the obstetric problem. 

The previous use of multiple special 
views and elaborate methods of measure- 
ment to provide an exhaustive independent 
roentgen study of the fetus and maternal 
pelvis must be reviewed in light of the 
necessity for limiting exposure to radiation. 
All obstetric roentgenographic methods 
must be critically re-evaluated; only those 
techniques which yield the most useful in- 
formation with a minimum of radiation ex- 
posure should be selected for continued 
use. In our opinion, any method requiring 
two exposures in one projection (e.g., 
stereoscopic methods, differential diver- 
gent double exposure methods) should be 
discarded. Similarly, any method bringing 
fetal gonads dangerously close to the tube 
(e.g., sitting inlet view) should be aban- 
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doned.?> Any view which merely dupli- 
cates the clinician’s information (e.g., spe- 
cial outlet, subpubic arch views) may be 
reserved for infrequent use in special cases. 

Diagnostic detail providing critical in- 
formation applicable to the great majority 
of clinical obstetric problems is found in a 
three film combination as follows: (1) 
Anteroposterior projection of maternal ab- 
domen and pelvis with ischial tuberosities 
at lower edge of 14X17 inch film. (2) Lat- 
eral projection of abdomen with upper mar- 
gin of uterus included at upper edge of 
14X17 inch film. The use of a brass wedge 
filter over half of the tube aperture im- 
proves the diagnostic detail in the region of 
the anterior uterine wall* and further re- 
duces the exposure dose to the patient. (3) 
Lateral projection of the pelvis exposed on 
a 10X12 inch film with an appropriate dia- 
phragm to limit the beam. The brass wedge 
filter also improves the diagnostic detail 
anteriorly in this exposure. Basic informa- 
tion for obstetric diagnostic problems and 
for the planning of the management of 
labor can be obtained from this set of films 
for all of the frequently encountered indica- 
tions.® 


PHYSICAL FACTORS IN ACHIEVING 
EXPOSURE REDUCTION 


I. dluminum Filtration. The use of 2.5 
mm. Al added filtration as recommended 
in the National Bureau of Standards Hand- 
book 60% instead of the usual 0.5 mm. Al 
added filtration will reduce the skin dose of 
the patient by a factor of 50 per cent. The 
additional thickness of aluminum serves to 
absorb softer components of the beam that 
are otherwise absorbed in the superficial 
tissue and which do not contribute to ex- 
posure of the film. The added filter does not 
require any change of kilovoltage or mil- 
liampere seconds. 

II. Brass Wedge Filtration. In making a 
roentgenogram in the supine lateral pro- 
jection of the abdomen and pelvis, a sup- 
plementary brass wedge filter is inserted 
into the beam to reduce exposure ante- 
riorly while permitting unobstructed pas- 
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sage of the beam penetrating the spine and 
posterior pelvis. The original use of the 
wedge* was to improve diagnostic soft tis- 
sue detail, but an important byproduct is 
the reduction of radiation exposure to the 
anterior abdominal wall and to fetal parts 
situated anteriorly. The brass wedge meas- 
ures 24 X12 inches and is 2 inch thick at its 
greatest thickness, tapering to a knife edge 
midway across the tube aperture. The 
wedge is placed parallel and adjacent to 
the aluminum filter and to the lead beam- 
defining diaphragm. This is removed for 
the anteroposterior projection of the ab- 
domen. 

III. Fast Screens. The use of Patterson 
Hi-speed screens instead of the previously 
used Patterson Par-speed screens has re- 
duced the required milliampere seconds to 
60 per cent. Thus the exposure dose is re- 
duced by the same amount. With high 
kilovoltage technique, this reduction could 
be somewhat further improved. Attention 
has been called by Ter-Pogossian'® to the 
advantages of potential increase in speed 
with the use of alkali halides for intensify- 
ing screens. Should these prove to be satis- 
factory and commercially available, their 
advantages in obstetric roentgenography 
would require their immediate adoption. 

IV. Film. The use of higher speed roent- 
genographic film recently placed on the 
market has permitted an exposure dose re- 
duction by a factor of 50 per cent. With the 
same kilovoltage settings as previously 
used, the milliampere seconds required to 
produce a roentgenogram of similar quality 
is §0 per cent or less of that required with 
previously used films. 

In order to compute the reduction of the 
exposure dose to the patient achieved by 
adopting the techniques indicated above, 
one must multiply the reduction factors 
employed. Thus 50 per cent (Al filter) mul- 
tiplied by 60 per cent (fast screens) multi- 
plied by 50 per cent (fast film) yields an 
over-all reduction factor of 0.15. This 
means that the exposure to the surface of 
the patient will be only 15 per cent of that 
received prior to the institution of these 
three modifications. The effect of the brass 
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filter is not computed since it 1s not used in 
the anteroposterior projection; it affords 
however, further reduction in the othe 
projections. It must not be inferred that 
the dose delivered to the deeper tissues js 
reduced by exactly the same factor of 
0.15. The intervening tissue serves to 
“harden” a poorly filtered beam to such an 
extent that at a depth of from 7 to 10 em, 
almost the same amount of radiation 
would be received by the gonads with the 
use of either the 0.5 mm. Al filter or the 
2.5 mm. Al filter. Thus from the standpoint 
of the gonadal dose alone, the reduction 
factor becomes about 0.3. 

For roentgenograms obtained in a typi- 
cal obstetric case, the factors shown below 
are used with a Hodges pelvimetry table, 
focal-film distance 36 inches. The skin dose 
with present techniques is compared in 
Table 1 to the range of values found with 
older techniques. 


ILLUSTRATIVE CASES 
Case 1 (Fig. 1, 4, B and C). D.K., 860-579. 


Twenty-three year old para 2, gravida 3. First 
pregnancy was normal. Second pregnancy re- 
sulted in delivery of stillborn erythroblastotic 
infant. At the time of the roentgenographic ex- 
amination the patient was in_thirty-seventh 
week of gestation. 

Indication for Roentgen Examination. De- 
termination of fetal maturity prior to pre-term 
induction for erythroblastosis. 

Roentgen Findings. Single fetus in deflexed 
position with brow to right and_ posterior. 
Placenta anterior and faintly calcified. Promi- 
nent subcutaneous fat line and distal femoral 
epiphysis indicate fetal maturity (thirty-six to 
forty weeks). Cephalopelvic disproportion un- 
less deflexed position is corrected. 

Clinical Management and Outcome. Medical 
induction of labor was attempted and was un- 
successful. Cesarean section was then done be- 
cause of deflexed position and to achieve pre- 
term delivery. Single loop of cord around neck. 
Survival of living infant after exchange trans- 
fusion. 


Case ul (Fig. 2, 4, B and C). C.H., 869-763. 
Thirty year old para 2, gravida 6. Patient had 
two normal term pregnancies and three spon- 
taneous abortions. She was referred to Women’s 
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TABLE 
z Body | Skin Dose 
Film Thick- | Added Al) Brass TSD, 
Projection Size, ness, | Filter, Filter kvp. | mas. cm. Present Previous 
inch mm. 
cm. | mr mr 

1. Antero- 

posterior 

abdomen 14X17 29 2.5 | No 79 75 | 56 | 800 § 5300 
2. Lateral 

abdomen 14X17 31 Yes 77 150 55 I, 500 10,000 
Lateral 

pelvis 1OX12 35 Yes 83 200 55 2,600 17,000 

Calculation ef gonadal dose with present techniques is as follows: 
Maternal Left Ovary Maternal Right Ovary Fetal Gonads 
Projection Per Cent) Skin Per Cent | Skin Per Cent, Skin 
Depth Dose Dose Depth Dose Dose Depth Dose Dose 
Dose mr Dose mr Dose mr 

1, Antero- 

posterior 

abdomen 10 800 80 10 800 80 10 800 80 
2. Lateral 

abdomen 30 1,500 450 0.8 1,500 12 5 1,500 75 
3. Lateral | 

pelvis Lead diaphragm used; gonads at least 10 cm. outside of radiation field 


Total Dose §30 g2 155 


Note: Per cent depth dose based on phantom measurements at depth estimated by obstetrician corresponding to the location of 


maternal and fetal gonads. 


Hospital because of absence of fetal heart tones Roentgen Findings. Single fetus in occiput 
for a period of two weeks. right posterior position. Prominent fetal sub- 

Indication for Roentgen Examination. Con- cutaneous fat line (1) and distal femoral epiph- 
firmation of fetal death. yses (2) indicate fetal maturity. Placenta (3) 


Fic. 1. Case 1. (4, B and C) Single fetus in deflexed position with brow to right and posterior. Placenta 
anterior and faintly calcified. Prominent subcutaneous fat line and distal femoral epiphysis indicate fetal 
maturity. Cephalopelvic disproportion unless deflexed position is corrected. 


| 
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ic. 2. Case u. (4, B and C) Single fetus in occiput right posterior position. Prominent fetal subcutaneous 
fat line (1) and distal femoral epiphyses (2) irdicate fetal maturity. Placenta (3) situated posteriorly, 
Spalding’s sign present (4) with overlapping of skull bones. Gas in fetal heart (5) as further evidence of 
fetal death. 


situated posteriorly. Spalding’s sign present (4) 
with overlapping of skull bones. Gas in fetal 
heart (5) as further evidence of fetal death. 

Clinical Management and Outcome. The pa- 
tient was allowed to go into labor spontaneously 
three days after the roentgenograms were made. 
A stillborn infant was delivered with a tight 
true knot present in the umbilical cord, appar- 
ently the cause of death. 


SUMMARY 


1. All available should be 
taken to reduce exposure to radiation dur- 
ing obstetric roentgenography in order to 
protect the somatic and genetic health of 
both mother and child. 

2. Obstetric roentgenography should not 
be done routinely but only for significant 
clinical indication. 


measures 


3. Allexisting obstetric roentgenographic 
methods should be further reviewed with 
respect to their exposure hazard. 

4. Asimplified roentgenographic method 
consisting of three exposures yields infor- 
mation adequate for most obstetric prob- 
lems. 

5. Added aluminum filtration of 2.5 mm. 
in thickness should be used to reduce skin 
dosage. Supplementary brass wedge filtra- 
tion further reduces exposure and gives im- 
proved diagnostic detail. 

6. Reduction in the exposure dose by 50 
per cent is achieved by using fast film. 


7. Further reduction in exposure to 60 
per cent is achieved by replacing Par-speed 
screens with Hi-speed screens. 

8. Development of faster screens is 
anticipated and these should be employed 
in obstetric roentgenography when avail- 
able. 

g. The use of light localizers or appro- 
priate diaphragms limits the exposure to 
the areas desired and thus reduces unneces- 
sary exposure. 

10. By combining the techniques indi- 
cated above, it is possible to eliminate ap- 
proximately 85 per cent of the previous 
skin dose to the maternal patient and ap- 
proximately 70 per cent of the dose pre- 
viously given at the level of the maternal 
and fetal gonads. 

11. Quantitative determinations indi- 
cate a dosage in the neighborhood of 0.§r 
to the maternal ovaries and 0.15 r to the 
fetal gonads for the complete obstetric ex- 
amination indicated above. 

12. Because of the nature of its prob- 
lems, obstetric roentgenography — should 
continue to get priority in practical appli- 
cation of further measures to reduce radia- 
tion hazard as these measures are devel- 
oped. 


Walter M. Whitehouse, M.D. 
Department of Radiology 
University Hospital 

Ann Arbor, Michigan 
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THE SOMATIC AND GENETIC 


HAZARDS OF THE MEDICAL USES OF RADIATION? 


By HENRY S. KAPLAN, M.D.+ 


SAN FRANCISCO, CALIFORNIA 


Diagnostic radiology owes a great deal to Dr. Russell Carman, whose classic contributions to 
gastrointestinal roentgen diagnosis remain as sound today as when they were first so brilliantly 
elucidated. It is, therefore, fitting that radiological societies should commemorate him, and I am 
deeply conscious of the great honor which was rendered me in inviting me to give this lecture jn 


his memory. 


UBLIC concern and confusion stem- 

ming from the recent extensive publi- 
city regarding purported hazards of the 
medical uses of radiation make a discussion 
of this subject timely. Our willingness to 
take a fresh look at the subject does not, 
however, reflect any previous unawareness 
of this problem amongst radiologists. In- 
deed, the one aspect of the recent press ac- 
counts which radiologists are most justi- 
fiably prone to resent is the impression 
which some of these articles convey that the 
problem of radiation hazards has been neg- 
lected by the radiological profession in the 
past. Quite the contrary is true. The United 
States Advisory Committee on Radiation 
Protection was organized under the aus- 
pices of the National Bureau of Standards 
as early as 1929 and its Handbook 15 on x- 
ray protection appeared in 1931. This Na- 
tional Committee and its counterparts in 
other countries, as well as the International 
Commission on Radiological Protection, 
have functioned effectively since that time 
to formulate, revise, and disseminate in- 
formation on radiation protection through- 
out the medical profession and more re- 
cently to industry as well. 
their efforts, roentgen-ray equipment has 
been re-designed to provide a great many 
safeguards against excessive radiation ex- 
posure to the patient and the physician, 
and maximal permissible dose levels have 


been revised downward to take account of 


the increasing fraction of the population 
engaged in occupations involving actual or 


As a result of 


potential radiation exposures.*4 The current 
introduction of image amplifiers represents 
a further significant step, stimulated by 
radiologists, toward the reduction of expo. 
sure during fluoroscopy. In these and in 
many other ways, the radiologist has tradi- 
tionally taken the initiative in setting a 
very good example for the health profes. 
sions as a whole. 

Nonetheless, reports during the past two 
years, emanating from such responsible 
sources as the National Academy of 
Sciences of the United States,? and the 
Medical Research Council in England," 
as well as other publications by individual 
authors, have suggested that certain spe- 
cific types of deleterious effects might be far 
more significant at quite low dose levels 
than has generally been appreciated. I will 
refer in particular to recent evidence bear- 
ing on the hazards of leukemia induction, 
of life-shortening, and of disturbance in 
human population genetics. Since each of 
these is a vast subject in itself, I shall be 
forced to omit or to mention only in passing 
certain more familiar types of radiation in- 
jury which occur at quite high dose levels 
and which are therefore not of special con- 
cern in the range of the maximal permissible 
dose. Moreover, since a great deal of 
statistical data is to be found in the various 
recent publications on the subject, I will 
not resort to any dreary recitation of num- 
bers, except where absolutely necessary to 
document particular points. Instead, | 
should like to discuss the validity of the 


* Carman Lecture, Greater St. Louis Society of Radiologists, St. Louis, Missouri, October 15, 1957. 
t Professor of Radiology, Department of Radiology, Stanford University School of Medicine, San Francisco, California. 


696 


| 

| 


OBER, I9¢f 


ETIC 
ON? 


itions to 
rilliantly 
nd I am 
>cture in 


current 
resents 
ited by 
expo. 
and in 
tradi. 
tting a 
profes. 


ast two 
onsible 
my of 
nd the 
gland," 
‘ividual 
in spe- 
t be far 
levels 
. I will 
e bear- 
uction, 
nce in 
-ach of 
hall be 
passing 
In- 
levels 
al con- 
rissible 
eal of 
7arious 
I will 


f num- 


ary to 
sad, I 
of the 


Voi. 80, No. 4 


evidence as it now stands, and to attempt to 
place these hazards in some over-all rational 
perspective. 


SOMATIC HAZARDS 


Let us first turn our attention to the 
somatic hazards, and the dose levels at. 
which they are presumed to occur. Over 
the past several years, several distinct lines 
of evidence have implicated radiation in the 
induction of human leukemia. 


LEUKEMIA 


The most conclusive evidence comes 
from the studies of the Atomic Bomb Cas- 
ualty Commission®:!*\ in survivors of the 
atomic bombings at Hiroshima and Naga- 
saki. These data bring out a quite convinc- 
ing relationship between dose, crudely re- 
flected in distance from the hypocenter of 
the bomb explosion, and leukemia inci- 
dence. It is of some interest that most of the 
observed leukemias have been either of the 
chronic myelogenous or acute varieties, 
with almost no instancesof chronic lymphat- 
ic leukemia. However, it appears that 
chronic lymphatic leukemia is also sur- 
prisingly rare among the control Japanese 
population, a finding which in itself is a 
most interesting by-product of their inves- 
tigation. Another point of interest is that the 
latent period between the time of exposure 
and appearance of the first wave of leu- 
kemias was only a few years, appreciably 
shorter than the very long latent periods 
observed in most of the early radiation 
martyrs. 

Let us turn next to the second line of 
evidence, namely the obituary compila- 
tions by March,” Ulrich,** and others sug- 
gesting that radiologists suffer an en- 
hanced frequency of leukemia. The total 
number of cases available for analysis in 
these reports is extremely small, and the 
findings are more plausible than compelling. 
Moreover, it seems most likely that many 
of the reported cases of leukemia occurred 
in early pioneers who were exposed to dose 
levels which no longer obtain in the field of 
radiology. I know of absolutely no evidence 
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that exposure to the maximal permissible 
dose over a working lifetime of some forty 
vears can induce leukemia. Indeed, the 
numbers of leukemias to be expected on the 
basis of even the more extreme estimates of 
the hazard are so small that it would be 
virtually impossible to detect a significant 
response among the relatively small total 
number of radiologists in the country. The 
question of the leukemogenic hazards of 
radiation at maximal permissible dose 
levels will have to be settled, if ever, in the 
much larger population newly provided by 
workers in the nuclear industries. 

Turning from leukemias induced by 
atomic bomb radiation, which we fer- 
vently hope will not happen again, and 
leukemias induced by excessive occupa- 
tional exposure, which has now been effec- 
tively eliminated, we come to leukemias 
attributed to diagnostic or therapeutic 
procedures in patients. There are three 
main lines of evidence here,* of which the 
data of Court-Brown and Doll,* regarding 
the enhanced leukemia incidence in rheu- 
matoid spondylitis patients, are clearly the 
most convincing. Although dose to the 
spinal marrow seemed linearly related to 
incidence, with no threshold, the relation- 
ship to integral dose was exponential, and 
a threshold could not be excluded. The 
doses and fields of exposure used in England 
for the treatment of this condition were 
considerably larger than those which have 
generally been used in this country. None- 
theless, it seems prudent to conclude that 
radiation therapy for rheumatoid spondy- 
litis and for other benign, chronic, recurring 
illnesses should be used sparingly and 
reserved for cases that prove refractory to 
other forms of treatment. 

The data of Simpson and Hempelmann’”® 
on leukemia and thyroid cancer appearing 
later in life in infants treated for thymic 
enlargement leave something to be desired 


* There have also been recent isolated case reports's5:628 of 
leukemia occurring in patients treated with large doses of radio- 
iodine for hyperthyroidism or thyroid cancer. Statistical proof 
that these instances were indeed secondary to radiation, rather 
than coincidental, will require careful retrospective surveys of 
large numbers of cases treated some years ago. 
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from a statistical point of view, since the 
number of leukemia cases was very small, 
and the appropriateness of the controls is 
necessarily open to question. Moreover, 
there is no good indication of any relation- 
ship between dose and leukemia incidence, 
as was the case in the rheumatoid spondy- 
litis series. Similar studies are now in 
progress on a larger scale and may help to 
establish this point more clearly. Mean- 
while, however, the question is rapidly be- 
coming purely academic, since most radiol- 
ogists have long since ceased to believe that 
the normal large thymus of infancy does 
indeed produce respiratory embarrassment 
and have therefore ceased to recommend or 
administer radiation therapy for the pur- 
pose of shrinking the thymus. Since the 
question of leukemia induction by thymic 
irradiation is still unsettled, and since there 
is no good evidence that such treatment is 
ever really indicated, it seems the better 
part of valor to urge that this practice be 
universally discontinued. 

Stewart and her associates” at Oxford re- 
ported about one year ago on the question 
of diagnostic and therapeutic roentgen-ray 
exposure in children who had recently died 
of acute leukemia in England, in control 
children of similar age and sex distribution 
selected at random in the general popula- 
tion, and in the mothers of both sets of 
children. The only significant difference 
encountered was the greater frequency of 
pelvimetry in the mothers of the leukemic 
children during the pregnancy which re- 
sulted in the leukemic child. 

By coincidence, during the past two and 
one-half years we have also been conducting 
an investigation of the epidemiologic and 
etiologic factors underlying acute child- 
hood leukemia, using a questionnaire and 
interview technique. The questions are 
directed at children certified to have died 
of acute leukemia in the State of California 
during the past year, their closest sibling, 
their most habitual playmate, and the 
parents of both the playmate and leukemic 
child. Since the Stewart report appeared, 
we have compiled our material and Table 
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1 indicates the present status of our owy 
information on the subject. From theg 
data,* one can draw either conclusion: 
namely, that abdominal roentgen-ray expo. 
sure during pregnancy is or is not signif. 
cantly more frequent amongst the mothers 
of childhood leukemia victims, depending 
entirely upon which set of controls one 
selects for comparison. There was a differ. 
ence between the pregnancies resulting in 
the leukemic child and the sibling, but not 
the leukemic-child and his unrelated play. 
mate. 

The Stewart controls, it should be re. 
called, were selected at random from the 
general population. The motivation of the 
mothers of these controls to remember 
earlier roentgen-ray exposures might well 
be significantly less than the motivation of 
the mothers of the leukemic children, who 
would probably grasp eagerly at any pos- 
sible explanation for their child’s leukemia 
that did not involve personal guilt or neg- 
lect. For these reasons, I am forced to con- 
clude that the evidence regarding the 
leukemogenic hazard of pelvimetry is still 
unconvincing. 

Once again, however, the problem seems 
to be taking care of itself. I have recently 
discussed the question of indications for 
pelvimetry with Dr. Charles E. McLennan, 
Professor and head of the Department of 
Obstetrics and Gynecology at Stanford, 
who was himself an interested student of 
pelvimetry a few years ago. He pointed out 
quite correctly that the coming of the anti- 
biotic era has largely eliminated the danger 
of infectfon during a trial of labor. The 
obstetrician today can in most doubtful 
cases safely permit an adequate trial of 
labor, secure in the knowledge that a 
cesarean section can still be performed with- 
out undue hazard of infection or other 
complications. Most instances of severe 
pelvic contraction are obvious on clinical 


*1 am indebted to my co-investigator on this project, Dr. 
Lincoln E. Moses, Associate Professor of Statistics, Stanford 
University, and to Mrs. Edythalena Tompkins for the tabulation 
and statistical analysis of these data. This work, which will be 
described more fully in a separate publication, has been sup- 
ported by a grant from the National Cancer Institute, National 
Institutes of Health, United States Public Health Service. 
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MATERNAL ROENTGENOGRAPHIC EXAMINATIONS} 
ACUTE CHILDHOOD LEUKEMIA, CALIFORNIA, 
1955 1956 


Patient 
or 2 3+ Total 
75 239 2 110 
13 21 37 
63+ 2 3 
Total 8S 150 
X = 3.19; p(.0007) 
Patient 
fo) I or 2 3+ Total 
be 
39 32 4 74 
or 2 31 14 2 47 
3 3 
Total 72 46 6 124 
x= pi 36) 
Sibling 
fe) I or 2 3+ Total 
Q > h? 
Lor? Kx 8 I 42 
= 3+ 2 3 
Total 77 27 3 107 


examination and do not require roentgeno- 
graphic confirmation. There will always re- 
main a very small residue of cases in which 
pelvimetry can provide necessary and use- 
ful information to the obstetrician. It may 
be anticipated that the indications for such 
limited recourse to pelvimetry will be 
clearly spelled out in the next few years. We 
have experienced a spontaneous sharp de- 
crease in the utilization of pelvimetry by 
our own obstetrical statf over the past 


MATERNAL ROENTGENOGRAPHIC EXAMINATIONS, 
ABDOMINAL; ACUTE CHILDHOOD LEUKEMIA, 
CALIFORNIA, 1955-1956 


Patient 
O I 2 3+ Total 
10] 19 3 126 
I 9 23 
2 I 
3+ 
Total 110 30 " 150 
xX = 2.96; p(.0o1$) 
Patient 
oO I 2 3+ Total 
2 ° 70 20 6 2 98 
I 19 5 24 
2 I 
3+ 2 2 
Total gI 26 6 2 125 
X =.71; p(.24) 
Sibling 
O I 2 3+ Total 
67 12 80 
I 18 24 
2 2 
= IT 2 2 
Total 89 17 I 107 


several Radiologists should  co- 
operate closely with obstetricians to limit 
and define the indications for pelvimetry, 
not because any hazard has been estab- 
lished but merely as a matter of general 
to discourage needless or useless 


vears. 


policy 
roentgenographic examinations. 

Alarm about the hazard of radiation- 
induced leukemia has been revived very 
recently by a paper by Lewis,’ who has 
reviewed all of the published data and 


1.655 Ppl.032) x 1.35; 
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analyzed them from the standpoint of the 
geneticist looking for linearity of dose- 


response relationships. He satisfied himself 


that there was indeed a linear relationship 


between dose and the observed incidence of 


leukemia in these diverse studies. He then 
extrapolated the available dose-response 
information down to very low esposure 
levels, coming up with an estimated leu- 
kemia induction rate of one case per million 
population per roentgen per year. On this 
basis he estimates that ionizing radiation 
received from natural background sources 


might account for from 10 to 20 per cent of 


the spontaneous leukemias in this country. 
Since the current level of population expo- 
sure to roentgen rays during diagnostic 
procedures has been estimated as of roughly 
the same order of magnitude, a similar 
number of cases might be attributable to 
diagnostic roentgen-ray examinations, 
though Lewis did not explicitly make this 
statement. Lewis’ analysis carries an im- 
portant theoretic implication as_ well; 
namely, that in being linear with dose and 
having no threshold, the leukemogenic 
action of radiation resembles radiation- 
induced gene mutation and may thus rep- 
resent an instance of malignant transforma- 
tion by somatic mutation. 

I am indebted to Dr. Austin Brues, head 
of the Biology and Medicine Division of the 
Argonne National Laboratory, for permit- 
ting me to refer to a critical analysis of the 
Lewis article which he has recently pre- 
pared for publication in a forthcoming issue 
of Science.® After taking a very painstaking 
and meticulous look at the data regarding 
radiation exposure in the various series 
analyzed by Lewis, Dr. Brues concludes 
that there is no good evidence for linearity 
in the dose-response relationships. In 
discussing the question of leukemia in radi- 
ologists, for example, where Lewis had un- 
critically adopted an “assumed average 
dose” in making his calculations, Brues 
points out: “the radiation doses incurred 
are not, of course, known. Speaking of an 
assumed average dosage is in any case un- 
justified, since it argues in a circle by assum- 
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ing linearity of response; whereas it seems, 
in fact, probable that radiologists haw 
varied widely between caution and incau. 
tion in their self-protective measures. If we 
are willing to accept the rather probable 
assumption that a substantial proportion of 
the radiologists received much more than 
the recommended dose rates, it should be 
clear that the obvious increase in leukemia 
in those physicians using radiologic tech. 
niques, while affirming the leukemogenic 
action of x-rays, is irrelevant to the ques. 
tion of whether this action is linear with 
dose.”” Dr. Brues also raises some very co- 
gent objections to the somatic mutation 
hypothesis. 

One other serious criticism of the Lewis 
paper which can properly be made is that it 
completely ignores the rather large body 
of evidence now available on the experi- 
mental induction of leukemia and lympho- 
sarcoma in mice. Since radiation is also a 
very effective leukemogenic agent in the 
mouse, it seems only fitting to examine this 
evidence for its possible bearing on the hu- 
man situation. Here, our own work, and 
that of several other investigators, im- 
mediately comes in conflict with both the 
somatic mutation hypothesis and the con- 
cept of a linear dose-response relationship. 
Although one cannot properly speak of a 
true threshold, there appears to be a mini- 
mal effective dose, in the vicinity of 200r 
of total body exposure, below which no 
detectable increase in leukemia incidence 
has been noted. Secondly, the incidence of 
lymphosarcoma and lymphatic leukemia is 
appreciably greater w hen the total dose is 
fractionated and given in a series of treat- 
ments some three to eight days apart, 
rather than as a single massive dose.' For 
the purposes of the somatic mutation hy- 
pothesis, the response should be the same 
for a given total dose, independent of dose 
rate or fractionation. Moreover, the inci- 
dence of these malignant diseases may be 
effectively reduced, after irradiation has 
been completed, by alteration of the hor- 
monal environment or by the intravenous 
injection of compatible bone marrow cells 
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from another mouse.'® Finally, it has re- 
cently beeen possible to prove that the tu- 
mors can arise in lymphoid cells from a non- 
irradiated animal when grafted into an 
irradiated host.'? This totally indirect in- 
duction mechanism suggests that we must 
look for some disturbance in the internal 
environment of the host, rather than ex- 
clusively to a direct cellular effect of the 
radiation itself, as the actual and immediate 
cause of the neoplastic transformation. 


OSTEOGENIC SARCOMA 


The induction of osteogenic sarcomas by 
bone-seeking internal emitters like radium, 
plutonium, and radiostrontium in experi- 
mental animals and man is now well es- 
tablished. However, this is not a problem 
which concerns us as radiologists; it is best 
reserved for a discussion of the possible 
hazards of fall-out. Similarly, the induction 
of skin tumors requires relatively large or 
often repeated local radiation exposure and 
is therefore not pertinent to our main line 
of interest. 


SHORTENING OF LIFE 


Let us go on to the only remaining item 
of major importance among the somatic 
hazards; namely, the effect of radiation on 
longevity. There is a good deal of evidence 
that, after relatively /arge doses of irradia- 
tion, life span is significantly shortened in a 
variety of experimental animals. Blair,' 
Brues and Sacher,’ Jones,!? and others have 
attempted to construct mathematical mod- 
els, utilizing some of these experimental 
data, which would permit an extrapolation 
down to very low doses, in order to arrive at 
an estimate of the degree of life-shortening 
which might be expected at occupational 
exposure levels. From these mathematical 
analyses have come the various estimates 
with which we are all familiar, suggesting 
that human life may be shortened by some 
days or weeks per roentgen. There may, of 
course, be a fundamental fallacy in such 
extrapolations. They are somewhat akin to 
the calculation that, if a 60-mile-an-hour 
wind will blow the roof of a house off in one 
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minute, a 1-mile-an-hour wind will do the 
same thing in one hour. 

Mole,” in a recent issue of Nature, has 
presented an admirable analysis of the 
experimental facts pertinent to this ques- 
tion. He points out that there are only 
eight experimental points in the entire 
literature pertaining to chronic exposure 
of rodents to weekly doses of less than Io r 
or the equivalent in neutron exposure, and 
the duration of life actually observed was 
not significantly different from its control 
in any of these eight instances. He shows 
that three different curves fit the available 
data about equally well, and one of these, a 
linear fit, leads to the conclusion that there 
is a threshold at about I to 2 r per day below 
which no shortening of life occurs. 

Shields Warren,** about one year ago, 
reported on a comparative analysis of aver- 
age age at death from a variety of causes of 
death among radiologists and other physi- 
cians not known to have been exposed to 
radiation as gleaned from obituaries in the 
Fournal of the American Medical Association 
over the twenty-five year period 1930-1954. 
The mean ages at death which he encoun- 
tered indicated that radiologists died about 
five years earlier, on the average, from 
virtually any cause of death, as compared 
with physicians not generally exposed to 
radiation; those practicing other specialties 
like urology and dermatology, in which 
some exposure is known to occur, exhibited 
figures somewhere in between. Warren’s 
article does not include information on the 
actual number of physicians in each cate- 
gory, the actual number of deaths from 
each cause, the age-corrected death rates 
in the various specialty categories, and 
other data necessary for a critical appraisal 
of his conclusions. 

Lewis”® states that Warren’s data were 
not properly age-corrected and that the 
mean age of the radiologists was some six 
years less than that of the physicians not 
known to have been exposed to radiation. 
Applying this age correction, he finds that 
the radiologists’ longevity is in fact slightly 
greater than that of physicians in general. 
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This is indeed reassuring and in keeping 
with the experimental evidence cited by 
Mole,” all of which would tend to indicate 
that radiologists and others occupationally 
exposed to radiation at or below the range 
of the maximal permissible dose have no 
need to fear a significant reduction in life 
span. 


GENETIC HAZARDS 


We come next to the genetic hazard of 
the medical uses of radiation. I shall not 
take the time here to review the funda- 
mentals of gene mutation and of population 
genetics. These topics are lucidly presented 
in a recent review in Science by Glass,!° and 
in the National Academy of Sciences and 
Medical Research Council reports.*:!! The 
argument of the geneticist regarding the 
existence of a genetic hazard to the human 
population from diagnostic roentgen-ray 
examinations rests on the following prop- 
ositions: 

1. Radtations cause gene mutations. The 
classic observation of Muller on Drosophila 
has been amply confirmed by many others 
for a variety of plants, bacteria and other 
microorganisms, and more recently for 
mice. Although there is no direct proof 
that radiation is also a mutagenic agent for 
man, it would be foolhardy and irrespon- 
sible to brush aside as irrelevant the evi- 
dence that radiation is mutagenic in lower 
animals and plant forms, since it has been 
amply demonstrated that, with very minor 
variations, all living things that reproduce 
themselves sexually obey the same genetic 
laws. Moreover, the observed eftects of 
radiation at somewhat higher dose levels on 
the human gonads are morphologically 
essentially identical with those observed in 
the mouse, for which an increase in muta- 
tion rates after radiation exposure has now 
been conclusively established. Thus I would 
feel that the thesis that radiations are 
probably mutagenic for man must be ac- 
cepted by any reasonable individual. 

2. The production of mutations by radta- 
tion 1s linear with dose and independent of 
dose rate, and is therefore not consistent 
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with the notion of a threshold dose beloy 
which no effect will occur. Again the eyj. 
dence on this point comes from the fruit fly 
and other lower forms. The lowest dog 
levels at which linearity has actually been 
demonstrated are in the rather substantial 
range of 50 r. How then is it possible for 
the geneticist to conclude that mutations 
would still occur after a dose of only 201, 
10 r, or even less? Here again the geneticist 
has both reason and prudence on his side. 
He can properly argue that, if a threshold 
existed, or if there were significant recovery 
from the effects of very small doses, then 
the cumulative effect of a fractionated 
series of small exposures, culminating ina 
total dose of perhaps too r, should be 
substantially less than that of 100 r given 
as a single dose. The established fact that 
this is not so, and that mutation rates are 
indeed independent of dose rate and of 
fractionation, constitutes a powerful argu- 
ment for extrapolation to very low dose 
levels. Secondly, even if the geneticist were 
to grant that we cannot be absolutely sure 
that this is so, he could still argue that the 
very fact that we are not sure should make 
us adopt the more careful and conservative 
position; namely, that there is no threshold. 

3. Most mutations are harmful. They 
will tend to accumulate in the population 
to a level determined by natural selection 
and elimination of the defectives. Here 
again one is forced to rely on evidence 
drawn from lower organisms, and _ once 
again the evidence on the whole is rather 
convincing. This leaves open the question 
of how large an increase in mutation rate 
the population can tolerate. As deleterious 
mutations accumulate in a_ population, 
fertility tends to decrease and the number 
of defective mutations leading to early 
death tends to increase. Ultimately, the 
species would be doomed to extinction 1f 
fertility and life span dropped below crit- 
ical levels. 

The geneticists have no clear cut evidence 
on how large a perturbation in the mutation 
rate can be safely tolerated by man. They 
have chosen to take as a reasonably con- 
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servative estimate a doubling of the present 
mutation rate. This is purely arbitrary; it 
may be that either a much smaller or a 
much larger change in the human mutation 
rate would be the proper level to select. 
Since a doubling of mutation rate is gen- 
erally compatible with survival of other 
species in which mutations can be experi- 
mentally produced, and since we have no 
way of establishing this point conclusively 
for man, it would seem that the figure 
chosen by the geneticists is as reasonable 
as any. The dose required to double the 
human mutation rate 1s of course quite un- 
known; the geneticists have tried to esti- 
mate it from the known doubling doses in 
other species. Their best estimates indicate 
that the human mutation rate would double 
after an accumulated dose, during a genera- 
tion, in the range of 30 to 8or. 

4. The dose of ionizing radiation received 


from natural background sources may con- 


tribute a substantial fraction of the “‘spon- 
taneous’ mutation rate. If this is so, the 
geneticist would argue that the total gon- 
adal exposure to diagnostic roentgen rays 
per generation should not be permitted to 
exceed the level of exposure provided by 
background sources. Here we are on some- 
what more controversial ground. The con- 
tribution of natural background radiation 
to the spontaneous mutation rate in man is 
unknown, and may be either quite ap- 
preciable or relatively negligible. In the 
fruit fly it has been estimated to yield only 
about 1/1,000 of the spontaneous muta- 
tions. On the other hand, Russell?’ has re- 
cently found that the radiation-induced 
mutation rate for the mouse is some 10 to 
I$ times greater per roentgen than that in 
the fruit fly, and it is not unlikely that man 
resembles the mouse more than the fruit 
fly in this regard. Thus, the dose of back- 
ground radiation received during a genera- 
tion by man might well be responsible for a 
substantial fraction of his spontaneous 
mutation rate. This is the reason for the 
conservative position taken by the geneti- 
cists in using this figure as a basis for setting 
a permissible limit for diagnostic roentgen- 
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ray exposure. Another way of looking at the 
question is that the dose received from 
background radiation may be presumed 
to be genetically safe, simply because man 
has successfully evolved in the environment 
of such exposure over so many thousands of 
years. 

5. What is the present level of diagnostic 
roentgen-ray exposure in the population? The 
studies conducted by the Medical Research 
Council and the National Academy of 
Sciences clearly brought out our great 
ignorance on this question. In England, 
Osborn and Smith” have attempted to sur- 
vey this problem, and a similar study was 
made in the United States by Laughlin and 
Pullman.'® These authors clearly stipulate 
the many uncertainties involved in the 
estimates which they have attempted to 
make, and repeatedly emphasize the great 
need for actual dosimetric measurements 
under a great variety of operating condi- 
tions in hospitals, in the offices of radiol- 
ogists and other physicians, and under 
other conditions of diagnostic exposure. 
Several groups are now actively at work in 
efforts to provide more reliable and com- 
prehensive information on actual exposure 
levels, and on the extent to which they can 
be reduced by a variety of protective meas- 


DISCUSSION 


Laughlin and Pullman estimate that 
there are a total of approximately 54 
million diagnostic roentgenographic exami- 
nations per year in the United States, ex- 
clusive of the estimated 20 million mass 
chest survey examinations and approxi- 
mately 83 million dental roentgenographic 
examinations. Clearly, a staggeringly large 
fraction of the population is receiving diag- 
nostic roentgen-ray exposure every year. 
The next question then is: what level of 
exposure is involved, and is this significant? 
Laughlin and Pullman conclude that a 
rather low estimate of the gonadal dose 
received during a thirty year period by the 
United States population at the present 
time is in the vicinity of 1.5 r, and that un- 
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der conditions of less adequate protection 
the dose could be as large as 4.6+3 r. The 
natural background radiation contributes 
an estimated 3 r per generation to the 
gonadal dose. It would thus appear that the 
level of genetically significant radiation 
currently received from diagnostic roentgen- 


ray examinations in the United States is of 


about the same order of magnitude as that 
from natural background radiation. Again, 
I see no useful purpose in disputing this 
estimate of the situation. Indeed, I feel that 
we are fortunate that the figures did not 
turn out to be 10 or 100 times as high. 

It seems far more constructive to accept 
the Laughlin-Pullman figures as a working 
basis, for the present, and to attempt to re- 
duce diagnostic roentgen-ray exposure to 
lower levels (a) by the development of new 
equipment which would make possible the 
same roentgenographic information with 
less exposure, (b) by more careful and 
rigorous use of multiple leaf collimators, 
filters, and gonadal shields in children and 
young adults, (c) by more judicious and 
careful weighing of the indications for 
diagnostic roentgen-ray examinations in- 
volving exposure of the gonadal region to 
the primary beam, and (d) by discouraging 
free recourse to fluoroscopy and roentgen- 
ography by those lacking special training in 
this field. 

It would appear that most routine pelvim- 
etries can and should now be eliminated. 
With respect to examinations of the chest, 
extremities, upper trunk and cranial region, 
proper beam collimation and _ positioning 
prevent the primary beam from covering 
the gonadal region, and the scattered dose 
is quite negligible.** There is thus no cause 
whatever for concern regarding properly 
conducted examinations of these regions, 
even in pregnant women. With respect to 
the indications for examination of the lum- 
bar spine, pelvis, lower urinary or gastro- 
intestinal tract, it is my feeling that the 
most effective safeguard for the patient 
and the public at large is the combined best 


judgment of the referring physician and of 


the radiologist. 


To allow medical care to deteriorate 


Henry S. 
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through lack of adequate radiologic in. 
formation would inflict on the public a far 
more severe penalty than any hypothetic 
benefit which avoidance of radiation expo- 
sure might confer. Physicians have an 
obligation to re-educate the public and to 
put the problem back into its proper per- 
spective. Thus the layman must be made 
aware of the fact that in his daily life he 
accepts the far greater hazards of cigarette 
smoking, of driving an automobile, of living 
in a smog-laden atmosphere, and even of 
taking a bath. Most of our food contains 
additives and preservatives, the potential 
deleterious effects of which are almost en- 
tirely unknown, and which may be far more 
serious than those attributed to radiation. 

As Brues so aptly comments: ““The con- 
cept of linearly acting toxic agents has 
much broader implications. If it is difficult 

prove or disprove it for radiations it 
must be all the more difficult to answer the 
same questions for sunlight, for man-made 
hydrocarbons, and for the many new drugs, 
insecticides and herbicides which have not 
undergone anything like the degree of 
exhaustive study that ionizing radiation has 
from the standpoint of minimal effects of 
small doses. The type of argument pre- 
sented against radiation exposure would, if 
applied to hydrocarbons, make it very dif- 
ficult to defend the use of petroleum as an 
energy source.” 

Finally, it might be pointed out that 
medical science has, for many years, with 
the full and enthusiastic approval of the 
population at large, been adding a burden 
of mutations to the germ plasm. I refer to 
our humanitarian efforts to prolong life, and 
to make possible normal marriage and re- 
production, for thousands of individuals 
with diabetes, pernicious anemia, hemo- 
philia, and other genetically determined 
maladies. All of these elements must take 
their proper place in any sober and realistic 
appraisal of this terribly complex problem. 


CONCLUSIONS 


This has been a lengthy and yet neces- 
sarily incomplete analysis. I would like in 
closing to try to reduce it to the essential 
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conclusions which seem to me pertinent for 
radiologists and for physicians in general. 
Radiologists are not the only group within 
the health professions who employ roentgen 
rays extensively for diagnostic purposes. 
Nonetheless, they have always taken the 
initiative in seeking to set standards for 
safe practices, and they should again rise to 
the challenge provided by these new hy- 
pothetical hazards by taking a responsible 
position which decries unnecessary radia- 
tion exposure. 

In the field of therapeutic radiology, the 
newer lines of evidence add to the weight 
of previous opinion which would discourage 
the promiscuous use of roentgen rays and 
radium in the treatment of benign and non- 
neoplastic conditions, particularly in chil- 
dren and young adults. 

In the realm of diagnostic roentgenol- 
ogy, am not impressed with the evidence 
regarding a possible leukemia hazard but 
would feel that even this hypothetical 
hazard may be disposed of, now that the 
valid indications for routine pelvimetry 
have largely vanished. I see no good reason 
for concern about the effects of occupa- 
tional radiation exposure at permissible 
dose levels, with respect to shortening of 
life span. 

This leaves only the problem of genetic 
exposure. The best available estimates indi- 
cate that we are currently at about the 
same level as the natural background radia- 
tion level. This can undoubtedly be brought 
down very appreciably by the measures | 
have cited. I have every confidence that, by 
concerted effort to set a constructive and 
responsible example, radiologists can eftec- 
tively reduce the exposure level of the 
population, within a very short time, to 
levels that will set our geneticist friends’ 
minds at ease, without at the same time im- 
pairing the quality of diagnostic roentgen- 
ray service which now forms such an in- 
valuable part of medical practice through- 
out the word. 


Stanford University 

School of Medicine 
Clay and Webster Streets 
San Francisco 15, California 
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THE INTERRELATIONSHIP OF 


OBSTETRIC, GYNE- 


COLOGIC, AND UROLOGIC PROBLEMS 


ROLOGY, like the specialty of radiol- 

ogy, is closely allied with other fields 
of medicine. The development of urology as 
a specialty is related to advancements in 
general surgery, internal medicine and ra- 
diology, as well as to the perfection of the 
cystoscope and cystoscopic technique. It is 


also difficult to separate the departments of 


urology and radiology, because of the many 
mutual diagnostic problems and_ tech- 
niques. A more intimate relationship, how- 
ever, exists between urology and the spe- 
cialty of obstetrics and gynecology, which 
leads us to integrate some of their more 
common problems. Historically, the two 
specialties have been closely related. In 
some institutions, urology in the female de- 
veloped as a part of the gynecologic service. 
Thus, gynecology has contributed con- 
siderably to the growth of urology as a 
specialty. Embryologically, anatomically, 
physiologically and pathologically, the 
urinary tract and the female pelvic organs 
are closely associated. Responses to hor- 
monal secretions and problems of infection 
are similar. It is this interrelationship 
which leads to confusion when evaluating 
symptoms and physical findings. 

Since the urinary and reproductive or- 
gans evolve from the same embryonic tis- 
sue, developmental abnormalities of the 
uterus and adnexae may be associated with 
anomalies of the urinary tract. In the pres- 
ence of a bicornate uterus, the obstetrician 
should look for a double ureter or a duplex 
kidney pelvis. Reduplication of the ureter 
is a common urologic anomaly, and the 
practice of inserting catheters into the 
ureters prior to extensive pelvic surgery is 


1 Hopcxinson, C. P., and Kerry, W. T. Urinary stress incon 
tinence in the female. Odst. & Gynec., 1957, 10, 493-499. 


708 


no guarantee against a possible section of 
an anomalous ureter. For this reason, ex. 
cretory urography or a careful retrograde 
study is advisable in preparation for such 
surgery. Solitary ectopic kidneys are rare, 
but they do occur, and this must be re. 
membered when dealing with obscure pel- 
vic tumors. The removal of an ectopic 
kidney, even in the presence of a second 
kidney, should only be done after careful 
consideration. 

In the study of incontinence, it is well to 
remember that an extravesical ureteral 
opening in the urethra or vagina may bea 
source of drainage and the discharge from 
the urethral diverticulum may be mistaken 
for incontinence. Stress incontinence is 
principally a gynecologic problem and 1s 
corrected by gynecologic surgery. The use 
of the metal bead chain as recommended by 
Hodgkinson and Kelly! in the study of the 
urethral vesical pubic relationship as well 
as the posterior urethral angle may require 
roentgenologic assistance. In evaluating the 
results of surgical procedures devised to 
elevate the urethra or produce posterior ro- 
tation of the bladder, it is desirable to have 
preoperative roentgenograms for compari- 
son. The lymphatics and the vascular sup- 
ply are similarly related. This intimate re- 
lationship of the lymph channels and the 
drainage from the uterine cervix over the 
vesical neck may account for urgency, fre- 
quency and dysuria arising from cervical 
infection; similarly cervical carcinoma may 
spread to involve the bladder, ureters and 
urethra and may result in vesicovaginal 
fistula and ureteral stenosis. The constitu- 
tional symptoms associated with appendi- 
citis and salpingitis, such as pelvic pain and 
dyspareunia, may be of ureteral origin, as 
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demonstrated by stricture, calculus, pyelitis 
and hydronephrosis. 

By comparing clinical data obtained from 
our contacts with various specialists, we 
may correlate different viewpoints and aid 
greatly in the diagnosis, often without ad- 
ditional roentgen study. The radiologist 
may be the first to suspect hydronephrosis 
as the result of a pelvic mass or to recognize 
an obstructed ureter after pelvic surgery. 
He may differentiate a distended bladder 
from an ovarian cyst. In this way he 
bridges the gap between the urologist, ob- 
stetrician and gynecologist, and points the 
way to urologic consultation. Conversely, 
a deviated right ureter may lead to a diag- 
nosis of appendiceal abscess, and an ob- 
structed ureter to a distant primary malig- 
nancy. 

By his personal supervision and the use 
of a flexible examination rather than the 
reliance upon the routine technique or 
judgment of the technician, the radiologist 
may be able to curtail the investigation in 
the event of an unrecognized pregnancy or 
expand it when the diagnosis 1s obscure. 

During pregnancy, diseases of the uri- 
nary tract often cause greater residual 
damage than if the patient were not preg- 
nant. Pregnancy complicates urinary tract 
disease primarily as the result of impaired 
urinary drainage. Physiologic dilatation at- 
tributed to progesterone and pressure of 
the enlarging uterus on the ureters make 
the urinary tract more susceptible to in- 
fection and stone formation. The bladder 
capacity increases as the muscle tone or 
peristaltic activity of the ureters decreases. 
Studies have shown that the pressure phe- 
nomena of a gravid uterus differ consider- 
ably from those of a pelvic tumor where 
there is no hormonal influence. Renal cal- 
culi are more prevalent in pregnant women 
but are usually well tolerated when infec- 
tion is controlled. Passing ureteral catheters 
aids in drainage and may be adequate 
treatment. Rarely is removal of a stone 
necessary. Most congenital urinary tract le- 
sions are well tolerated in the absence of 
infection or hypertension, but renal ectopia, 
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especially a pelvic kidney, may be a source 
of dystocia. Women with one kidney can 
usually tolerate pregnancy satisfactorily 
when good compensatory function is dem- 
onstrated in that kidney.” More and more 
in the field of obstetrics, women are pre- 
senting themselves for examination before 
attempting pregnancy. This makes it pos- 
sible to subject patients with hypertension, 
a history of renal disease or previous renal 
surgery to a complete urologic examination 
before pregnancy occurs. 

Grave concern is frequently shown re- 
garding the use of roentgen pelvimetry, but 
less noticeable is the cry against other 
roentgenographic examinations during preg- 
nancy. Very little is said against the use of 
retrograde or excretory pyelography during 
pregnancy. Perhaps this is because the in- 
dication seems more specific or because the 
danger to the pregnant mother seems more 
grave and therefore the advantages out- 
weigh the possibility of genetic harm. The 
fact remains that it is difficult to recognize 
or evaluate acute or pre-existing renal dis- 
ease when roentgen studies are made during 
pregnancy. The distortion of the urinary 
tract obscures many common diagnostic 
points of urinary infection. A survey of the 
urinary tract before pregnancy occurs or 
deferment until after delivery, whenever 
possible, is preferable. However, when in- 
dicated, proper roentgen studies should not 
be discouraged. All procedures in medicine 
and surgery entail certain calculated risks; 
there should be no hesitancy in utilizing 
roentgenography as a diagnostic procedure, 
if the technique is properly carried out. 
This implies knowledge and utilization of 
every known protective device. However, 
granting the potential increase in genetic 
mutation as a side effect of medical roent- 
genography, its importance is secondary to 
that of the welfare of the individual. Nat- 
ural selection and survival of the fittest 
has not yet governed medical treatment. 

When contemplating new diagnostic pro- 
cedures, one must remember that the ob- 


2 Kirrrepce, W. E., and Craw J. R. Surgical renal lesions 
associated with pregnancy. 7.4.M.4., 1956, /62, 1353-1356. 
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stetrician lives by the maternal and fetal 
mortality statistics and any diagnostic pro- 
cedure which might affect these must be 
weighed with great care. Recently, angiog- 
raphy has been suggested as a means of 
differentiating early intrauterine pregnancy 
from tubal pregnancy, but posterior col- 
potomy is less hazardous. Also, in the search 
for placenta previa and other abnormal 
placental implants, angiography and _ in- 
jection of opaque media into the amniotic 
sac have been reported as safe procedures. 
These procedures must, however, be ap- 
proached with caution. Despite the fore- 
going, the diagnosis of unruptured ex- 
trauterine pregnancy is still very difficult 
and may be aided by angiography in select 
cases. 

Modern obstetrics has not, as yet, found 
a method by which injury to the bladder 
supports can be entirely prevented and 
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labor is still often the cause of cystocele, 
rectocele and incontinence. A discussion of 
eclampsia and lower nephron nephrosis, be- 
cause they are better classified in the field 
of internal medicine, and many neoplastic 
lesions involving the genital and urinary 
tracts, because they are a more appropriate 
subject matter for general surgery, has 
purposely been omitted. 

The division of medical practice into 
specialties is like dividing the waters of the 
world into the seven seas—it is impossible 
to see where one begins and the other ends, 
The interrelationship of certain problems, 
therefore, cannot be avoided. In the fields 
of obstetrics, gynecology and urology, the 
role of co-ordination of most of these prob- 
lems transgresses into the specialty of ra- 
diology. 


kK. Larrerer, M.D. 
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NATIONAL COMMITTEE ON RADIATION PROTEC- 
TION AND MEASUREMENTS (NCRP) 


SUPPLEMENT TO RADIATION HANDBOOKS SUMMARIZES NEW 
RECOMMENDATIONS ON MAXIMUM PERMISSIBLE DOSE 


N 8-page supplement to the National 
Bureau of Standards Handbooks! deal- 
ing with radiation protection and related 
matters has been prepared by the National 
Committee on Radiation Protection and 
measurements (NCRP). Entitled Maxzi- 
mum Permissible Radiation Exposures for 
Man, the supplement summarizes the new 
recommendations of the NCRP on safe 
limits of radiation exposure; it extends and 
clarifies the Preliminary Statement issued 
by the Committee in January 1957.’ The 
new publication introduces only minor 
changes and is intended to be in general 
conformity with the philosophy expressed 
in the April 1956 statements of the Inter- 
national Commission on Radiological Pro- 
tection (ICRP).* 

The recommendations of the NCRP, an 
advisory group of experts in various phases 
of the radiation field, are regularly pub- 
lished in the NBS Handbook series. Several 
of these Handbooks are now being revised 
to bring them into conformity with the 
new recommendations. Pending the avail- 
ability of the revised Handbooks, the pres- 
ent supplement provides a simplified state- 
ment of the changes needed to comply with 
the new recommendations. 

Further details on the new supplement 
are given in the following excerpts from 
its introduction. 


EXCERPTS FROM NCRP STATEMENT 

On January 8, 1957 the National Com- 
mittee on Radiation Protection and Meas- 
urements issued a Preliminary Statement 
setting forth its revised philosophy on 
Maximum Permissible Radiation Expo- 
sures to Man.” Since that time several of 
the NCRP sub-committees have been ac- 
tively studying the necessary revisions of 
their respective Handbooks. These studies 
have shown the need for (1) clarification of 


the earlier statement and (2) modification 
or extension of some of the concepts in that 
statement. Furthermore, the ICRP has 
made minor changes in their recommenda- 
tions. Accordingly the NCRP has prepared 
a set of guides, given below, that will assure 
uniformity in the basic philosophy to be 
embodied in the several Handbooks. Since 
many of the Handbooks are followed closely 
in planning radiation operations in the 
U. S., and since the modification of a 
Handbook may require many months of 
effort, it seems wise to make the overall 
guiding principles available in advance of 
the reissuance of the revised Handbooks. 
These guides are not designed to take the 
place of any of the Handbooks; the prin- 
ciples given below will be extensively 
treated later in appropriate places. In the 
meantime Handbook revisions or supple- 
mentary statements will be issued as 
rapidly as possible... . 

The changes in the accumulated MPD 
(Maximum Permissible Dose) are not the 
result of positive evidence of damage due 
to use of the earlier permissible dose levels, 
but rather are based on the desire to bring 
the MPD into accord with the trends of 
scientific opinion; it is recognized that 
there are still many uncertainties in the 
available data and information. Considera- 
tion has also been given to the probability 
of a large future increase in radiation uses. 
In spite of the trends, it is believed that the 
risk involved in delaying the activation of 
these recommendations is very small if not 
negligible. Conditions in existing installa- 
tions should be modified to meet the new 
recommendations as soon as _ practicable, 
and the new MPD limits should be used in 
the design and planning of future apparatus 
and installations. Because of the impact of 
these changes and the time required to 
modify existing equipment and installa- 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return for 


the courtesy of the sender. Selections will be made for review in the interest of our readers as space permits. 


PrincipLes or Urotocy; An INTRODUCTORY 
TEXTBOOK TO THE DISEASES OF THE UROo- 
GENITAL Tract. By Meredith F. Campbell, 
M.S., M.D., F.A.C.S., Emeritus Professor of 
Urology, New York University. Cloth. Price, 
$9.50. Pp. 622, with 319 illustrations. W. B. 
Saunders Company, 218 West Washington 
Square, Philadelphia 5, Pennsylvania, 1957. 


This latest book by Dr. Campbell might be 
said to be a condensation of his three-volume 
Urology (1954), and his Clinical Pediatric 
Urology (1955). As Dr. Campbell states in his 
preface, this book was written primarily for 
“instruction of the student in the broad funda- 
mentals of Urology and to serve as a practical 
guide for the physician who is not a urologic 
specialist.” 

The book is excellent in organization, well 
written, as only Dr. Campbell can write, and 
includes clear concise illustrations and roent- 
genographic reproductions pertinent to the 
subject and disease. 

Dr. Campbell’s interest in pediatric urology 
has shown its effect in this book by his reference 
to problems pertaining to and encountered in 
the young individual. This field in most earlier 
books of this kind has been deficient. 

Aside from the usual chapter headings of a 
urologic book, attention is drawn to these sub- 
jects which are of increasing interest today: 
Neuromuscular Uropathy, The Adrenals, Urol- 
ogy in the Female. For the instructor in urology 
and the beginning student in urology, there is a 
section at the end of the book which lists ques- 
tions applied to each chapter. The answers are 
to be found in the text denoted by page number. 

This is a splendid book for its purpose, made 
possible by Dr. Campbell’s ability to condense 
information from his two more extensive books 
mentioned in the first paragraph. It is recom- 
mended to the beginning student, the instruc- 
tor of urology, and the physician other than the 
urologic specialist. 

Rosert C. THumann, M.D. 


AortoGRAPHy; Irs AppLICATION IN UROLOGI- 
CAL AND SoME OrHerR Conpitions. By W. 
Barr Stirling, Ch.M., F.R.C.S. (Ed.), F.R.- 


F.P.S.G., Senior Assistant, Urological De- 
partment, Glasgow Royal Infirmary; Con- 
sultant Urologist, Ministry of Pensions, 
Cloth. Price, $10.00. Pp. 292, with 1565 illus- 
trations. The Williams & Wilkins Company, 
Mount Royal and Guilford Avenues, Balti- 
more 2, Maryland, exclusive U. S. agents, 
1957. 

This monograph reflects the personal ex- 
perience of the author with some 500 aortogra- 
phies performed for the diagnosis and manage- 
ment of various renal conditions. It is written 
primarily from the urologic standpoint with 
only thirty pages devoted to intrinsic vascular 
disease. For this reason its value to the vascular 
surgeon and the radiologist is somewhat de- 
creased. 

A very excellent historical résumé of appara- 
tus, procedure, and development of contrast 
media is presented and followed by minutely 
detailed chapters on surgical anatomic con- 
siderations, equipment used, anesthesia, pro- 
cedural difficulties, hazards and complications. 
The bulk of the text concerns individual renal 
abnormalities which are exquisitely illustrated 
by full page roentgenographic reproductions. 
The aortograms shown are among the finest we 
have ever seen, and this is by far the outstand- 
ing feature of the book. 

It would seem that the author’s primary aim 
was to dispell-the reluctance on the part of 
many urologists and surgeons to make use of 
this valuable diagnostic adjunct. If this text 
were on the bookshelf of every hospital uro- 
logic department, this aim would most cer- 
tainly be accomplished. 


Arcu H. Haut, M.D. 


THe Lower Urinary Tract IN CHILDHOOD; 
SoME CorRELATED CLINICAL AND ROENT- 
GENOLOGIC Osservations. By Sven Roland 
Kjellberg, Nils Olof Ericsson, and Ulf Rudhe. 
Cloth. Price, $18.00. Pp. 298, with 265 illus- 
trations. The Year Book Publishers, Inc., 
200 East Illinois Street, Chicago 11, IIlinois, 
1957. 

This book is principally a roentgenologic 
atlas of cystourethrograms of pathologic states 
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of children. It was compiled from 1,155 cases 
by a team of one urologist and two roentgenolo- 
gists at the Pediatric Clinic of Karolinska 
Sjukhuset, Stockholm, Sweden. Whereas treat- 


ment forms part of the discourse, diagnosis of 


the cystourethrographic findings constitutes 
the basic subject of the book. 

The first five chapters are “groundwork 
chapters” which lay the foundation for the sub- 
sequent chronologic disease presentations. The 
first two chapters deal with embryology and 
anatomy and contain excellent illustrations 
from a variety of other books plus clear cysto- 
urethrographic illustrations by the authors. The 
following three chapters give the technique, 
complications of cystourethrography, and 
method of obtaining the material embodied in 
the subsequent chapters. 

Headings of the topics discussed and illus- 
trated by cystourethrography are as follows: 
Ectopic Ureter and Ureterocele, The Neuro- 
genic Bladder, Bladder Neck Obstruction, Se- 
lected Aspects of Urinary Tract Infection, 
Urethral Valves, Stricture of the Urethra, 
Urethral Polyp, 
the Verumontanum, Intersexuality, 
cula of the Urethra and Enuresis. 

The technique of obtaining the cystourethro- 
grams is that of the voiding method as opposed 
to the retrograde instillation of radiopaque 
material. The authors also present a special 
sling posture procedure to better obtain the 
voiding film. 

The illustrations are as fine as anyone can 
wish, and the subject at hand is well covered. 
The book makes a most desirable addition to 
the library of the urologist, the pediatric urolo- 
gist in particular, and to the library of the 
roentgenologist. 


Rosert C. 


Diverti- 


THumann, M.D. 


TELEVISION IN SCIENCE AND INpbustRY. By 
V. K. Zworykin, E.F., Ph.D., D.Sc.(hon.), 
Honorary Vice-President and Technical Con- 
sultant, Radio Corporation of America; E. G. 
Ramberg, Ph.D., Research Physicist, RCA 
Laboratories, Princeton, N. J.; and L. E. 
Flory, B.S. (E.E.), Research Engineer, RCA 
Laboratories, Princeton, N. J. Cloth. Price, 
$10.00. Pp. 300, with numerous illustrations. 
John Wiley & Sons, Inc., 440 Fourth Avenue, 
New York 16, New York, 1958. 


The senior author of this book, Dr. Zworykin, 


is one of the foremost pioneers in the field of 


television, since his most notable invention was 


Congenital Hypertrophy of 
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the iconoscope or television’s first electronic 
“eye.” The book is divided into five chapters 
which deal with television and its various fields 
of application. 

Of particular interest to physicians is the 
section dealing with medicine and biology and 
the field of education. We have all seen closed 
Television Clinics which have been put on by 
various sponsors at national and local meetings 
in which widely scattered audiences may view 
the details of various technical procedures. A 
section describing a television microscope repre- 
senting a combination of a television chain and 
a conventional microscope is fascinating to con- 
template. This has the important advantage of 
greatly reducing viewing fatigue as one can 
observe a large bright image compared with 
looking into a microscope directly through an 
eye piece. Viewing of x-ray transparencies can 
also be greatly improved by making possible 

variations in contrast through electronic en- 
hancement to bring out obscure details not 
clearly perceptible on conventional observa- 
tions. 

A most interesting application of electronic 
selection in counting circuits can be used for 
counts of such particles as blood cells or cell 
nuclei. Such techniques can be made fully auto- 
matic and will assume increasing importance 
because of the necessity of routine blood counts 
in the study of radiation exposure and for ab- 
normal cell counts as an aid in early cancer 
diagnosis. 

The field of consultation in medicine is greatly 
widened through the possibility of using color 
or conventional television by consultants who 
can be in the same or different rooms of a build- 
ing or even in different cities providing there 
has been a link established between the sites 
of transmission and reception. In such manner 
a skilled consultant can greatly multiply his 
efficacy and utilization of time as well as extend 
the geographic area to be served. 

For radiologists the most important applica- 
tion of television is in fluoroscopy where, by use 
of such a system as devised by Drs. Russell 
Morgan and R. E. Sturm at Johns Hopkins 
University, it is possible to pick up and amplify 
the fluoroscopic image and transmit it to a 
distant screen for viewing. This finds its great- 
est usefulness, of course, in teaching a large 
number of students simultaneously in different 
teletheaters. 

Many other fascinating applications of tele- 
vision in various fields are described in detail 
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such as in dentistry where the patient or others 
may watch intra-oral procedures on a monitor 
in the same or in different rooms. Other uses 
are described in commerce where a central 
monitor can be on the lookout for suspicious 
actions on the part of customers and remote 
shipping and loading docks can be observed. 

This is a thrilling book to read, opening up a 
field stunning even to the imagination. 


Lewis E. Errer, M.D. 


THe Year Book or RapioLoGcy (1957-1958 
Series). Radiologic Diagnosis edited by 
John Floyd Holt, M.D., Professor, Depart- 
ment of Radiology, University of Michigan; 
and Fred Jenner Hodges, M.D., Professor 
and Chairman, Department of Radiology, 
University of Michigan; Radiation Therapy 
edited by Harold W. Jacox, M.D., Professor 
of Radiology, College of Physicians and 
Surgeons, Columbia University; Chief, Ra- 
diation Therapy Division, Radiologic Service, 
Presbyterian Hospital, New York City; and 
Morton M. Kligerman, M.D., Associate Pro- 
fessor of Radiology, College of Physicians 
and Surgeons, Columbia University; Asso- 
ciate Attending Radiologist, Presbyterian 
Hospital, New York City. Cloth. Price, 
$10.00. Pp. 445, with 335 illustrations. The 
Year Book Publishers, Inc., 200 East Illinois 
Street, Chicago, Illinois, 1957. 


The usual excellence of this valued yearly addi- 
tion to the radiologist’s bookshelf has been 
maintained in the 1957—1958 Series. The most 
important articles relating to radiology in 
world medical literature from June, 1956 
through June, 1957 have been condensed for 
easy and rapid review. 

In keeping with the suddenly popular and 
controversial issues concerning the relationship 
of radiation to longevity and genetic effects in 
man, the authors have based their introductory 
remarks on the biologic hazards of diagnostic 
and therapeutic radiology. Representative ar- 
ticles dealing with these problems are included. 
Appropriate editorial comment and explana- 
tion has been added throughout the text. Most 
of the articles are more than mere abstracts. 
They are condensations retaining pertinent fac- 
tual data, graphs, tables, photographs, and 
roentgenographic reproductions. Many excel- 
lent articles from foreign journals and smaller 
American journals are included which would 
not ordinarily be available to the average 
radiologist. 
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One cannot expound on the individual ar- 
ticles but the authors have given most thought- 
ful consideration to their selection. Some sub- 


jects such as the series on platybasia are chosen 


as a general review of a complicated and con- 
troversial phase of roentgen diagnosis. Others 
are chosen because they expand or describe a 
new principle in radiation therapy. Radio- 
biology, physics, dosimetry, techniques and 
radiation injuries are again included i in the well 
organized text. 

Older radiologists are undoubtedly familiar 
with The Year Book of Radiology. It is there- 
fore to the younger men in the profession that 
this book is most highly recommended. 


Arcu H. Hatt, M.D. 


BOOKS RECEIVED 

TWENTY-FOURTH SEMIANNUAL REPORT OF THE 
Aromic Enercy Commission. By United States 
Atomic Energy Commission. Paper. Pp. 410, with 
illustrations and tables. United States Govern- 
ment Printing Office, Washington, D. C., 1958. 

Le MEpIAsTIN ET SA PATHOLOGIE. By Maurice 
Bariety, Professeur de Clinique médicale a |’Hédtel- 
Dieu, Membre de |’Académie de Médecine; and 
Charles Coury, Médecin des Hdpitaux de Paris. 
Cloth. Price, 11,000 fr. Pp. 854, with 312 illustra- 
tions. Masson et C*, Editeurs, 120 boulevard 
Saint-Germain, Paris 6°, France, 1958. 

THe Practice or Mepicine. By William 
H. Blahd, M.D., Chief, Radioisotope Service, 
Veterans Administration Center, Los Angeles, 
California; Assistant Clinical Professor of Medi- 
cine, School of Medicine and Medical Physics 
Physician, Radiological Safety Division, Univer- 
sity of California at Los Angeles; Franz K. Bauer, 
M.D., Chief, Outpatient Services, Los Angeles 
County HospitaJ; Associate Clinical Professor of 
Medicine and Coordinator of Radioisotope Re- 
search, University of Southern California School 
of Medicine; Associate Clinical Professor of Medi- 
cine, College of Medical Evangelists School 
Medicine; Attending Specialist—Radioisotope 
Service, Veterans Administration Center, Los 
Angeles, California; and Benedict Cassen, Ph.D., 
Chief, Medical Physics Section, Atomic Energy 
Project and Clinical Professor of Biophysics, Uni- 
versity of California at Los Angeles School of 
Medicine; Consultant in Radioisotopes—Radio- 
isotope Service, Veterans Administration Center, 
Los Angeles, California. Cloth. Price, $12.50. Pp. 
407, with 112 illustrations. Charles C Thomas, 
Publisher, 301 East Lawrence Avenue, Springfield, 
Illinois, 1958. 

RapIATION Protection. By Carl B. Braestrup, Di- 
rector, Physics Laboratory, Francis Delafield 


Hospital; Associate, Department of Radiology, 
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Columbia University, New York, New York; and 
Member, Executive Committee, National Com- 
mittee on Radiation Protection and Measure- 
ments; and Harold O. Wyckoff, Chief, Radiation 
Physics Laboratory, National Bureau of Stand- 
ards, Washington, D. C.; and Secretary, Interna- 
tional Commission on Radiological Units and 
Measurements. Cloth. Price, $10.50. Pp. 361, with 
figures and tables. Charles C Thomas, Publisher, 
301 East Lawrence Avenue, Springfield, Illinois, 
1958. 

THe YEAR Book or Cancer, 1957-1958. Compiled 
and edited by Randolph Lee Clark, Jr., B.S., 
M.D., M.Sc. (Surgery), D.Sc. (Hon.), Houston, 
Texas, Director and Surgeon-in-Chief, The Uni- 
versity of Texas M. D. Anderson Hospital and 
Tumor Institute; Professor of Surgery, The Uni- 
versity of Texas Postgraduate School of Medicine; 
Clinical Professor of Surgery, Baylor University 
College of Medicine; and Russell W. Cumley, 
B.A., M.A., Ph.D., Houston, Texas, Director of 
Publications, The University of Texas M. D. 
Anderson Hospital and Tumor Institute; Profes- 
sor of Medical Journalism, The University of 
Texas Postgraduate School of Medicine. Cloth. 
Price, $8.00. Pp. 523, with 191 illustrations. Year 
Book Publishers, Inc., 200 E. Illinois Street, Chi- 
cago 11, Illinois, 1958. 

KLINISCH-RONTGENOLOGISCHE DIFFERENTIALDIAG- 
NOSTIK DER LUNGENKRANKHEITEN. By Dr. Lasar 
Diinner, Chefarzt der Industrial Chest Diseases 
Clinic in Hull (England), frither arztl. Direktor des 
Hospitals Buch-West in Berlin, dirig. Arzt der 
Abt. fiir Lungenkrankheiten im Jiidischen Krank- 
enhause in Berlin. Cloth. Price, DM 69.—. Pp. 
362, with numerous illustrations. Ferdinand Enke 
Verlag, Hasenbergsteine 3, Stuttgart-W, Ger- 
many, 1958. 

PRINCIPLES OF RaApIoGRAPHIC ExposuRE AND Proc- 
EssinG. By Arthur W. Fuchs, Rochester, New 
York. Cloth. Price, $10.50. P. 284, with 1$9 il- 
lustrations. Charles C Thomas, Publisher, 301 
East Lawrence Avenue, Springfield, Illinois, 1958. 

DERMATOLOGIE UND VENEROLOGIE. Volume II, Part 
I. Physikalische Behandlung—Dermatologische 
Kosmetic—Krankheiten noch unbekannter Her- 
kunft nach Ihrer Morphologie. By Prof. Dr. Dr. h. 
c. H. A. Gottron, Tibingen; and Prof. Dr. Dr. h. 
Schénfeld, Heidelberg. Cloth. Price, DM 173. 
Pp. 757, with 388 illustrations. Georg Thieme, 
Herdweg 63, Stuttgart, Germany, 1958. 

HANDBUCH DER TUBERKULOSE. Volume I. Allge- 
meine Grundlagen. Edited by Prof. Dr. J. Hein, 
Toénsheide; Prof. Dr. Dr. h. c. H. Kleinschmidt, 
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Hoftfen; and Prof. Dr. E. Uehlinger, Ziirich. Cloth. 
Price, DM 178.—. Pp. 832, with 244 illustrations. 
Georg Thieme, Herdweg 63, Stuttgart, Germany, 
1958. 

Hemopuitic ARTHROPATHIES. By Henry H. Jordan, 
M.D., Orthopaedic Surgeon and Chief of Hemo- 
philia Clinic, Lenox Hill Hospital; and Consulting 
Orthopaedic Surgeon, Manhattan State Hospital, 
New York City. Cloth. Price, $8.50. Pp. 255, with 
64 illustrations. Charles C Thomas, Publisher, 301 
East Lawrence Avenue, Springfield, Illinois, 1958. 
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ROENTGEN DIAGNOSIS 
HEAD 


GoettscH, H. B. Radiology of the cranio- 
cervical region. ¥. de/ge de radiol., No. 6, 1957, 
40, 739-762. (From: The Department of 
Radiology of the St. Elisabeth Hospital at 
Tilburg, Tilburg, Netherlands.) 


The author discusses various bony anomalies of the 
cranio-cervical region which may produce disturb- 
ances of the nervous system. Symptoms may be 
produced by soft tissue deformities and small bone 
anomalies may not be visualized on the roentgeno- 
grams occasionally. Careful clinical examination of 
the patient is extremely important. 

Embryologically, the occipital bone arises from 
three occipital vertebrae which fuse almost com- 
pletely. The corpus of the third occipital vertebra, 
the pro atlas, forms the tip of the dens. Ossification 
appears during the second year and in the twelfth 
year of age it fuses with the dens. The greatest por- 
tion of the dens is formed by the body of the atlas 
which fuses with the epistropheus in the sixth, or 
seventh year of age. In many cases of anomalies 
occurring in this region, neurologic symptoms may 
not be present because of complete compensation. 
When this compensation disappears because of 
trauma, sudden symptoms may appear. 

The author suggests roentgenograms of the skull 
made in the posteroanterior, lateral, basal, Towne 
and Schiller positions. These may be supplemented 
by laminagraphy in the sagittal and frontal planes, 
exposures in flexion and extension, stereoscopy and 
enlargement techniques. 

The following lines and angles have proved of 
value: 

(A) In the lateral view of the skull: (a) Bogaard’s 
angle is formed by a line from the dorsum sellae to 
the basion and a line from the basion to the most dor- 
sal situated point of the foramen magnum (average 
127+10 degrees); (b) Welcker’s angle is formed by a 
line from the nasion to the tuberculum sellae and 
from there to the basion (average 135 +10 degrees); 
(c) Bull’s angle is formed by the intersection of the 
plane of the hard palate and the plane of the atlas; 
(d) Chamberlain’s line extends from the most dorsal 
point of the hard palate to the posterior margin of 
the foramen magnum; and (e) McGregor’s line ex- 
tends from the most dorsal point of the hard palate 
to the lower border of the squama occipitalis.Cham- 
berlain’s and McGregor’s lines are of value in locat- 
ing the upper margin of the dens, which should not 
extend more than 5 mm. above the line of Chamber- 
lain. 

(B) On the posteroanterior laminagram: Fisch- 
gold lines which consist of: (a) bimastoid line, drawn 
from the lower margin of one mastoid process to the 
other; and (b) a biventer line, drawn from the bi- 
gastric sulcus from one side to the other. The distance 
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between these lines should be about 10 mm. The 
bimastoid line cuts the upper margin of the dens and 
intersects the atlanto-occipital joints. 

The congenital malformations of importance, 
which alone or in combination can produce symptoms, 
are as follows: 

(1) Basilar Impression: The borders of the foramen 
magnum are introverted and a plane through this 
foramen lies in the interior of the skull. This may be 
congenital or acquired in diseases associated with de- 
calcification of the skull. Basilar impression is best 
visualized in the lateral and Towne’s views, especially 
on laminagrams. 

(2) Platybasia: This is a form of partial basilar 
impression resulting in an elevated dens and a flat 
clivus. There is an increase in the angles of Welcker 
and Bull. When present, symptoms are accentuated 
by maximal flexion of the head. 

(3) Hypoplasia of the Clivus: This is due to a dis- 
turbance in the development of the corpora of the 
first and second occipital vertebrae. The foramen 
magnum is enlarged and the upper margin of the 
dens lies in or above the plane of the foramen. The 
clivus may be shortened or assume a more hori- 
zontal position. The acquired form is caused by tu- 
mors, of which the chordoma is the most frequent. 

(4) Deformations of the Foramen Magnum: This is 
noted in the first three conditions mentioned above. 
Except in the case of hypoplasia of the clivus there 
nearly always is a constriction of the foramen mag- 
num. The lumen of the dural canal may be con- 
stricted by dural bands. Schiller’s projection and 
laminagraphy are necessary for detailed study. 

(5) Manifestations of an Occipital Vertebra: While 
there are many variations, the most simple form is 
the persisting ossiculum terminale. In most cases the 
foramen magnum is deformed by the position of the 
occipital condyles causing congenital torticollis. 

(6) Assimilation of the Atlas: \f the posterior arch 
of the atlas only is assimilated, a large empty space 
between the occipital bone and the spinous process of 
C-2 will be noted in the lateral view. The assimila- 
tion of the atlas and the fusion of the second and 
third cervical vertebrae occur frequently in combina- 
tion. The anterior portion of the atlas arch may exist 
as an independent ossiculum in front of the dens. 

(7) Congenital Malformations of the Nonassimi- 
lated Atlas: Since the atlas originated from several 
centers of ossification, hypoplasia or aplasia of one 
or more of these nuclei may result in abnormal fis- 
sures or defects. The most frequent deformity is the 
spina bifida posterior. 

(8) Block-formation of the Upper Cervical Vertebrae: 
Congenital fusion between any two of the cervical 
vertebrae may occur. There is a gradual transition of 
isolated fusions to the more complete fusions as 
seen in the syndrome of Klippel-Feil. 

(9) Os Odontoideum: Normally, the bony center of 
the dens fuses with the second cervical vertebra about 
the sixth year of life. When this fusion does not occur 
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the dens remains a separate ossicle, kept in place by 
its fibrous connection. This must be differentiated 
from fracture of the dens. If the ligamentous fixation 
becomes loosened, instability will result. 

(10) Hypoplasia and Aplasia of the Dens: The dens 
may be partially or completely absent, producing 
instability of this segment. 

(11) Disturbances in the Stability of the Cranio- 
cervical Region: This can be demonstrated on 
roentgenograms made during maximal flexion and 
extension of the skull by noting the relation of the 
dens to the foramen magnum. The width of the 
atlanto-axial joint is significant. The normal values 
are § mm. in children and 2 mm. in adults. 

The author reports six cases in detail, demonstrat- 
ing various combinations of abnormalities of the 
cranio-cervical region.—¥. N. Ané, M.D. 


Tristan, THEopoRE A., and Hopes, Puitip J. 
Meningiomas of the posterior cranial fossa. 
Radiology, Jan., 1958, 70, 1-14. (Address: 
T. A. Tristan, Strong Memorial Hospital, 
260 Crittenden Blvd., Rochester 20, N. Y.) 


The major clinical characteristics of meningiomas 
arising from the dura in the region of the posterior 
cranial fossa are reviewed. Findings observed in pa- 
tients at the Graduate Hospital and the Hospital of 
the University of Pennsylvania from the year 1918 
through 1955 are presented. The study is based on the 
records of $9 patients. 

The posterior fossa meningiomas arise in the 
following sites: Class 1, cerebellar convexity; Class 11, 
tentorium cerebelli; Class 111, posterior surface of the 
petrous portion of the temporal bone (meningiomas 
of the cerebellopontine angle); Class tv, clivus; 
Class v, foramen magnum. Fourteen of the $9 cases 
in this series were in Class 1, and 28 were in Class 11. 
In some patients, it was impossible to tell from which 
portion of the dura the meningioma arose. 

Few intracranial tumors offer as much difficulty 
in diagnosis as posterior fossa meningiomas. The 
clinical picture varies remarkably, depending on the 
location and size of the tumor. Headache is an early 
and common complaint. Sometimes there is radiation 
of pain to the neck and shoulder girdle. Hemiplegia, 
triplegia, and even tetraplegia may ensue. If the 
cranial nerves are involved, localization of the tumor 
is simplified. Posteriorly placed tumors may cause 
difficulty in speaking, swallowing and even breathing. 
Tumors arising from the cerebellopontine angle cause 
tinnitus, deafness, facial weakness, and corneal 
hypesthesias. These tumors usually grow slowly and 
changes due to increased intracranial pressure may 
not appear until late. 

The major clinical characteristics of the five 
classes of meningiomas are briefly reviewed, and the 
roentgenographic changes are illustrated.—Arno W. 
Sommer, M.D. 
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ScHNITKER, Max T., and Utricu, Roserrt P, 
Observations on the twenty-four hour 
pneumoencephalogram with special reference 
to the diagnosis of cortical atrophy. Radiol- 
ogy, Jan., 1958, 70, 15-22. (Address: M. T. 
Schnitker, 1006 Secor Hotel Building, Toledo 
4, Ohio.) 


There has been general agreement among radiol- 
ogists that air in the subdural space, apparent on the 
pneumoencephalogram, is of no diagnostic or patho- 
logic significance. Demonstration of subdural air 
over the vertex of the brain in a twenty-four hour 
upright film, however, has been thought by some to 
indicate the presence of a subdural fluid collection in 
cases of the “‘post-traumatic syndrome” due to a 
tear in the subarachnoid membrane produced by a 
previous head injury. While others have felt that 
gas in the subdural space twenty-four hours after 
air injection was of no diagnostic significance it has 
also been stated that its presence is indicative of an 
error in technique. 

Because of the ease of measuring this subdural 
space geometrically it was felt by the authors that 
such measurements might be an index for establishing 
the diagnosis of cortical atrophy. Consequently, a 
study was made on 66 patients who had nonprogres- 
sive lesions of the brain who were subjected to 
pneumoencephalography. Ninety per cent of the $1 
adults showed the presence of air in the subdural 
space on the upright twenty-four-hour film and 66 
per cent of the 15 children (under sixteen years of 
age) showed the same finding. From this series the 
authors feel that the presence of air and fluid in the 
subdural space does not indicate an abnormality. 
It is suggested that the air from the subarachnoid 
space reaches the subdural space through the pac- 
chionian granulations that traverse both spaces and 
that the air is forced through the pacchionian bodies 
by the pressure of reaccumulating cerebrospinal 
fluid. The air-skullcapacity measurements and ratios 
also showed such wide variations, both individually 
and collectively, that cortical atrophy could not be 
diagnosed with any consistency. Unilateral cortical 
atrophy also cannot be diagnosed on the basis of a 
greater amount of subdural air over one cerebral 
hemisphere as this finding is thought to be due to 
the position of the patient in bed prior to the taking 
of the twenty-four hour roentgenogram. 

From these studies the authors feel that the diag- 
nosis of cortical atrophy remains presumptive only 
in the presence of dilated sulci and cisterns and en- 
larged subarachnoid spaces in the original penumo- 
encephalograms.—Donald N. Dysart, M. D. 


Errer, Lewis E., and Youncue, EuGene L. 
Small ‘pneumoencephalograms as a screening 
procedure in the study of convulsive dis- 
orders. Radiology, Jan., 1958, 70, 23-32. 
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(Address: L. E. Etter, 3811 O’Hara St., 
Pittsburgh 13, Pa.) 


Pneumoencephalography using 20 to 30 ce. of air 
and multiple projections has been used to outline the 
ventricular system, particularly as a screening pro- 
cedure in a large group of patients with convulsive 
and allied neuropsychiatric disorders. A definitive 
diagnosis can frequently be established, or further 
diagnostic studies may be indicated on the basis of 
the fractional pneumoencephalogram. Of particular 
advantage is the decreased reaction to the procedure, 
both immediate and delayed. In comparsion with a 
similar group of patients using 40 to 100 cc. of air it 
was found that the results were roughly comparable. 
However, a larger percentage of fourth ventricle 
visualization was obtained in the small pneumo- 
encephalograms, probably due to the differences in 
technique in the two procedures, whereas there was 
a larger percentage of unsatisfactory examinations in 
the large pneumoencephalogram group for which 
there was no explanation. 

The findings in several cases are detailed. 


H. Farvis, Fr., M.D. 


W alter 


Lopwick, Gwitym S. Cystic degeneration in 
glioblastoma multiforme: Trapped-air sign. 
Radiology, Jan., 1958, 70, 74-76. (Address: 
School of Medicine, University of Missouri, 


Columbia, Mo.) 


The author describes and illustrates with two cases, 
a ventriculographic “‘trapped-air sign” of glio- 
blastoma multiforme which is uniquely characterized 
by multiple, small, uneven, air-containing cysts 
within the tumor. This rapidly growing neoplasm 
frequently develops central liquefaction necrosis 
with the formation of multiple fluid-filled cysts, 
which communicate. If the tumor lies in the path 
of a ventriculography needle this fluid will be re- 
placed by air. Other cystic lesions also may trap air. 
However, in contradistinction to the cysts of glio- 
blastoma multiforme, they are usually large, smooth 
and unilocular. An outline of differential diagnosis 
is given. 

When present, this “trapped-air sign” of glio- 
blastoma multiforme has proved useful in localizing 
the tumor and in providing the diagnosis.—Edward 


B. Best, M.D. 


Gioninc, K., and KtausperGer, E. M. 
Untersuchungen tiber die Hirngefassfunktion 
im Bewegungsfilm. (Investigations of the 
cerebral vascular function on the movie film.) 
Wien. klin. Wcehnschr., Feb. 28, 1958, 70, 
145-149. (From: Psychiatrisch-Neurologische 
Universitatsklinik, Wien, Austria.) 
Experimental investigations on the function of the 

cerebral vessels in human beings are difficult. Routine 

serial angiography with 2 to § roentgenograms during 
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the passage of the contrast medium provides few 
details. 

Photofluorographic cinematography proved to be 
disappointing due to the low lens speed and the very 
grainy pictures, not well suitable for the demonstra- 
tion of the cerebral vessels. In 1943 a patent for an 
image amplifying tube was granted to the Phillips 
Laboratories. The brightness of the output phosphor 
of this electronic image is a thousand times greater 
than that of the fluorescent screen image. By cou- 
pling an Arriflex 35 mm. camera with the intensifier 
tube, movie films with a frequency of 25 and more 
pictures a second were obtained. The single pictures, 
showing good contrast and fine detail, were suitable 
for enlargements. The authors found in this tech- 
nique a method for investigation of the cerebral 
vascular system of patients with normal or pathologic 
blood vessels. The effect of vaso-active drugs could 
be demonstrated with this objective method. 

The authors presumed they would not be able to 
get a true picture of the ‘“‘normal” physiologic condi- 
tions of the cerebral vascular circulation since cere- 
bral angiography represents a comparatively great 
interference with the normal vascular function. 
But with unchanging experimental conditions com- 
parable data on the passage of the contrast medium 
through the single parts of the cerebral vessels could 
be gained. 

The authors examined first the effect of the drug 
duvadilan of the N. V. Phillips-Roxane in Weesp- 
Netherlands. 

Experiments on animals by other investigators 
had shown a blood pressure depressant and a vaso- 
dilative action, with little increase of the pulse 
frequency. 

All cerebral angiographies were performed under 
general anesthesia for uniformity, starting with 
intravenous injection of 0.§ mg. atropine, then with 
narcothion 5 mg. per kg. intravenously, followed by 
N,O-O, narcosis, and by 20 to 40 mg. lystenon as a 
fast acting muscle relaxant. Patients regained con- 
sciousness five to ten minutes after the injection. 
Details of the method of injection of the contrast 
medium are described. The movie film ran for twelve 
seconds, starting early enough to show entrance of 
the contrast medium into the carotid-syphon, and of 
sufficient duration to show the last amounts of the 
contrast medium leaving the calvarian vessels. Pic- 
tures were taken on Kodak 35 mm. Tri-X film. The 
authors show in two tables the results in fifteen pa- 
tients, namely: beginning and ending of the contrast 
medium visualization in the arteria cerebri ant., 
arteria cerebri med., small arteries, veins and finally 
the venous sinuses. 

From these investigations the authors arrive at 
the following conclusions: The movie film with the 
described method provides information on the func- 
tion of the cerebral vessels. The functional reaction 
of the normal cerebral vascular system to contrast 
media and the reaction of the system to vaso-active 
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drugs could be demonstrated in detail on the movie 
film. 

Previously Lindner had introduced the term of 
“Verweildauer” (lingering time) of the contrast 
medium in the end-vessels, which are the arterioles, 
precapillaries, arteriovenous anastomoses, venules 
and smallest veins. 

With duvadilan the “‘Verweildauer’’ was shortened 
in § vascularly normal patients, in 3 patients with 
vascular sclerosis and in 3 patients after skull trauma. 
One patient with severe alcoholism also showed con- 
siderable reduction of the “Verweildauer.” In 2 pa- 
tients a vasodilative effect of duvadilan was ob- 
served. 

The demonstration of cerebral angiography on 
the movie film with the new method furnishes meas- 
urable data of the reaction of certain cerebral vessels 
to vaso-active drugs. This brings in prospect new 
possibilities for studies of functional cerebral angiog- 
raphy and for increasing knowledge of cerebral 
vascular pathophysiology.—Hans Lewin, M.D. 


Lacarpe, C., Vicouroux, R., and Per- 
routy, P. Agénésie terminale de la carotide 
interne, anévrysme de la communicante 
antérieure; documents radiologiques. (Agene- 
sis of the terminal end of the internal carotid, 
aneurysm of the anterior communicating 
artery; radiologic documents.) ¥. de radiol., 
d’électrol. et de méd. nucléaire, Sept.-Oct., 
1957, 38, 939-941. (From: Hopital maritime 
Sainte-Anne, Toulon, France.) 


Bilateral internal carotid arteriography revealed 
lack of filling of the terminal end of the right internal 
carotid as well as of the right anterior cerebral artery. 
On the left side an aneurysmal dilatation could be 
noted at the anterior communicating artery. The 
patient having shown clinical and laboratory signs 
of meningeal hemorrhage with severe headaches and 
hyperthermia, surgery was instituted and the arterio- 
graphic findings were verified. Agenesis of the termi- 
nal end of the internal carotid and aneurysmal 
dilatation at the junction of the anterior communicat- 
ing artery and the anterior cerebral artery on the 
left side were found. 

The proper surgical treatment of the aneurysmal 
dilatation could not be instituted because of the 
agenesis of the terminal end of the right internal 
carotid artery, and the patient died subsequently. 
TFirair N. Sarian, M.D. 


Paitias, J.-E., BonnaL, J., BERARD-BADIER, 
M., and Serrarrice, G. Les angiomes ar- 
tério-veineux du cerveau chez l’enfant. (The 
arteriovenous angiomas of the brain in child- 
hood.) Presse méd., March 26, 66, 525-528. 
(From: Clinique Neuro-Chirurgicale de 
l’H6pital de la Timone, Marseille, France.) 
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The authors present 11 cases of arteriovenous 
angiomas in patients ranging from four to fifteen 
years of age. The importance of bilateral internal 
carotid arteriography is pointed out in the diagnosis 
of such cases, especially in instances of intracranial 
hemorrhages, be they meningeal, cerebromeningeal 
or cerebral. The injection of the contrast medium 
should be made successively on each side, in par- 
ticular if bilateral localization is suspected. The 
larger angiomas are easy to diagnose; the smaller 
ones are often not demonstrable, due to thrombosis 
or to compression by an adjacent hematoma. On the 
other hand the hematoma will displace the blood 
vessels which are visualized by arteriography only 
very faintly, but would tend to group them together, 
resembling the grouping of pleats of a curtain. This 
would only be noted in cases of very large hema- 
tomas. 

Anatomopathologic considerations lead one to 
think of these arteriovenous angiomas as belonging 
to the group of hamartomas. The authors concur with 
Evans and Streeter and use the embryogenetic class- 
ification of Streeter. Thus three histologic types are 
described, the capillary endothelial, the undifferenti- 
ated arteriovenous and the adult type which could 
be purely arterial or purely venous.—irair N. Sar- 
ian, M.D. 


NECK AND CHEST 
Dysicki, JeERzyY, Bocuinski, KaroL, and 
Dworak, WLopzimieErz. Uber einen Fall von 
zusatzlichem Trachealbronchus. (Case of 
accessory tracheal bronchus.) Schweiz. Zitschr. 
Tuberk., No. 2, 1958, 75, 70-75. (Address: 
J. Dybicki, Fahrenheita 4, Gdansk, Poland.) 
This is a case report of a twenty year old man with 
extensive tuberculosis of the lungs, in whom an 
accessory bronchus in the right upper lobe was found 
accidentally during bronchoscopy. The bronchial 
opening was seen 2cm. above the carina. Laminag- 
raphy and bronchography confirmed the diagnosis. 
This condition is seen very seldom. Frequently, the 
extra bronchus is the seat of a pathologic process, 


such as bronchiectasis or cystic-like disease.—Samuel 
Richman, M.D. 


ScHEFF, SAUL, KaurMan, S. A., and LEVENE, 
GeorceE. The laminagraphic appearance of 
ectopic right upper lobe bronchi. Radiology, 
Jan., 1958, 70, 82-83. (Address: Massachu- 
setts Memorial Hospitals, 750 Harrison Ave., 
Boston 18, Mass.) 


The appearance of an anomalous bronchus arising 
from the distal portion of the right side of the trachea 
approximately 1.0-2.5 cm. above the carina is de- 
scribed by the authors who use laminagraphy in their 
study of patients with intrathoracic disease. Plain 
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roentgenograms of the chest usually fail to reveal 
these ectopic or supernumerary bronchi, but they 
are demonstrable through the use of laminagraphy. 
The authors stress the importance of recognizing 
these variations prior to bronchoscopy or surgery so 
as to forewarn the surgeon of the existence of the 
bronchus. Three roentgenograms illustrating the 
anomaly are included.— ‘ohn S. Alexander, M.D. 


BarRTHEL, Heinz. Diagnostische Fehldeutung 
chirurgischer Lungenerkrankungen. (Diag- 
nostic errors of surgical diseases of the lungs.) 
Thoraxchirurgie, March, 1958, 5, 412-430. 
(Address: Chirurgische Universitatsklinik, 
Hamburg-Eppendorf, Germany.) 


Of 800 operative cases with intra and extrapul- 
monary disease in the region of the thorax, there was 
a diagnostic error of 10 per cent prior to operation. 
Sixty per cent of the errors were made when the pa- 
tient was believed to have a carcinoma of the lung 
before operation. One-third of these patients had 
“chronic pneumonia.” 

It is the policy of the author not to wait longer 
than four weeks in doubtful cases of carcinoma of the 
lung, so that if a carcinoma is present, operation will 
have been done as early as possible. Tuberculosis of 
the lungs plays a significant role in the differential 
diagnosis and the isolation of the tubercle bacillus 
is very important. Foreign body obstruction of a 
bronchus, actinomycosis, syphiloma, thymoma, sar- 
coma of lung, bronchiectasis, etc., were other condi- 
tions observed. 

The correct diagnosis of tumors in the anterior 
mediastinum is particularly difficult.—Samuel Rich- 
man, M.D. 


J., and Dar- 
RELL A, Neurofibromatosis and intrathoracic 
meningocele. Radiology, Jan., 1958, 70, 62-66. 
(Address: C. J. LaVielle, 326 N. Ingalls St., 
Ann Arbor, Mich.) 


Intrathoracic meningocele is a rather uncommon 
entity and usually occurs in conjunction with other 
abnormalities. This condition was first reported by 
Pohl in 1933, in whose case the associated finding was 
cutaneous neurofibromatosis. Since that time 29 
cases have been reported, 19 of which were associ- 
ated with neurofibromatosis. Of 3 bilateral cases, 2 
were associated with neurofibromatosis. 

A case of bilateral intrathoracic meningocele with 
cutaneous neurofibromatosis is presented. Roent- 
genograms showed a rounded mass in the right 
posterior chest with defects in the posterior margins 
of the lower thoracic vertebrae and dislocation of 
the right eleventh rib. A diagnosis of intrathoracic 
neurofibroma was made. This was found to be a 
meningocele at the time of surgery. On routine post- 
operative follow-up films, another mass was dis- 
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covered in the left retrocardiac space and this too 
turned out to be a meningocele. 

Etiology is discussed with reference to various 
authors. The most frequent findings are defects in the 
vertebral column adjacent to the intrathoracic mass, 
this finding being present in all but 4 of the 30 casés 
reported in the literature. The authors conclude that 
meningocele formation is due to congenital anomalies 
of mesodermal structures of the spine, such as dural 
defects, softened bone, hemivertebra formation or 
defective pedicles. A combination of dural and bone 
defects is probably necessary since bone defects alone 
can occur without meningocele formation. Variations 
in spinal fluid and intrathoracic pressures may be 
contributory factors in the herniation.—Z. Petrany, 


M.D. 


Barca, A., Ortverra D., FIanpra, O., 
and Cortés, R. Nuevas adquisiciones en el 
diagnéstico radiolégico de las cardiopatias. 
(New acquisitions in the roentgenologic diag- 
nosis of cardiopathies.) Acta iber. radiol. can- 
cerol., April-June, 1957, 72, 197-231. 


This is a well illustrated summary of the authors’ 
experience with high kv. techniques and serial angio- 
cardiography. 

The judicious employment of these methods, and 
their association, in adequately selected patients, 
with other procedures, such as cardiac catheteriza- 
tion, improves the chances for accurate diagnosis. 


E. R. N. Grigg, M.D. 


Stevens, G. Metvin. Buckling of the aortic 
arch (pseudocoarctation, kinking): a roent- 
genographic entity. Radiology, Jan., 1958, 70, 
67-73. (Address: Palo Alto Medical Clinic, 
Palo Alto, Calif.) 


Four cases of buckling of the aortic arch are pre- 
sented by the author. At the present time, fewer than 
35 cases have been recorded in the English literature 
and the roentgenographic appearance, which is diag- 
nostic, is not generally appreciated. The anomaly, 
which is believed to be due to a congenitally short- 
ened ligamentum arteriosum, is a buckling or a kink- 
ing of the contour of the aortic arch at the site of in- 
sertion of the ligamentum arteriosum. There is a 
posteriorly directed double convexity of the aortic 
arch and upper descending aorta. The portion of the 
arch above the kink usually ascends higher into the 
superior mediastinum than normally, then descends 
to the right. The buckling does not diminish the aor- 
tic lumen. Senescence, with tortuosity and dilatation, 
accentuates the deformity. There are no significant 
clinical symptoms associated with this anomaly ex- 
cept for a precordial systolic murmur probably pro- 
duced by increased turbulence at the site of the kink. 
The blood pressure and pulse are normal in all the 
extremities. 
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Roentgenographically, the posteroanterior film 
may reveal a large aortic knob with an abrupt inden- 
tation at its inferior pole and a second convexity in 
the descending aorta below this point. In other cases, 
a double convex contour of the knob is seen with the 
superior convexity less dense than the inferior. The 
arch distal to the kink produces an indentation on 
the barium filled esophagus and the lateral or left 
anterior oblique view with lateral laminagrams will 
confirm the diagnosis. In these views, the sharp in- 
dentation on the posterior and left lateral surface of 
the aorta at the level of attachment of the ligamen- 
tum arteriosum can be seen. The aorta distal to the 
kink may be slightly dilated due to turbulence. This 
benign condition must be differentiated from such 
surgical entities as coarctation of the aorta, aneurysm 
of the aortic arch, and patent ductus arteriosus by 
correlating clinical and roentgenologic findings. 
Yohn 8. Alexander, M.D. 


GENITOURINARY SYSTEM 
Taytor, Jack N., and Genrers, Kiaus. Renal 
angiomyolipoma and tuberous sclerosis. fF. 
Urol., April, 1958, 79, 685-696. (From: The 
Department of Surgery [Urology], College of 
Medicine, Ohio State University, Columbus, 


Ohio.) 


This is a report of three case histories in which the 
patients had the common finding of a renal angio- 
myolipoma. In two of the patients there were also the 
other characteristic stigmata of tuberous sclerosis. 

Tuberous sclerosis is a more or less generalized 
disease of varying severity and having a familial ten- 
dency. The clinical findings include mental retarda- 
tion, epilepsy and sebaceous adenomas of the face. 
Generalized hamartomas occur in many organs such 
as the brain, pancreas, duodenum, thyroid, breast, 
skin and subcutaneous tissues. The lesions in the 
brain are histologically described as composed of 
neuroglial proliferations, and those in other organs are 
derived from ectoderm or mesoderm. In well over 50 
per cent of the reported cases there are tumors of the 
kidney. These are usually hamartomas, but sarco- 
matous changes have also been observed. The larger 
kidney tumors may simulate polycystic disease as 
seen on the pyelograms. Benign tumors of the retina 
and optic nerve called phacoma are pathognomonic 
of the disease. Other roentgen changes are calcifica- 
tions of the brain and areas of increased density in 
the skull, vertebrae and ilium. The hands and feet 
may show cyst-like foci in the phalanges and perios- 
teal new bone formation along the shafts of the 
metatarsal and metacarpal bones. 

In two patients reported in this series there was 
evidence of familial tendency, sebaceous adenomas 
of the face, subungual and periungual fibromas, bone 
changes involving the hands and feet and bilateral 
tumors of the kidney. 
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Fourteen figures are used to illustrate the find- 
ings.—George W. Chamberlin, M.D. 


AvVERT, JEAN. Les reflux a partir du bassinet; 
étudies par la manométrie urinaire. Patho- 
génie des néphrites interstitielles ascendantes. 
(Reflux from the kidney pelvis, studied by 
urinary manometry. Pathogenesis of ascend- 
ing interstitial nephritis.) ¥. d’uro/., Paris, 
Dec., 1957, 67, 824-887. (From: Service du 
professeur R. Couvelaire, Hdpital Necker, 
Paris, France.) 


The degree of renal parenchymal damage depends 
on whether urinary obstruction is total or partial, and 
transient or persistent, but even ureteral adynamy 
and vesico-uretero-pyelic reflux may become harm- 
ful. Dilatation of the urinary excretory channels with 
intrarenal reabsorption of urine can seldom be help- 
ful. Such an event may be tolerable for a short time 
during acute obstruction (such as due to ureteral 
calculus), but even in these cases parapyelic and 
interstitial urinary diffusion may at times be seen 
on the urograms. When, however, there is perma- 
nent obstruction (hydronephrosis with compressive 
parenchymal atrophy), or when intrarenal penetra- 
tion of microorganisms (incomplete obstruction in 
the presence of infected urine) produces retrograde 
interstitial nephritis, lasting functional impairment 
is bound to occur. 

Intrarenal reabsorption parallels the mechanism of 
pyelorenal reflux observed during retrograde pyelog- 
raphy, i.e., pyelo-canalicular, pyelo-interstitial, 
pyelo-lymphatic, and finally pyelo-venous and sub- 
capsular “‘effraction”. The canalicular, interstitial, 
and lymphatic types of reflux can be observed at less 
than 80 cm. water pressure, but higher or longer 
lasting increases in pressure are necessary to produce 
“effraction”. But then, chronic stasis does modify 
parenchymal permeability with respect to reabsorbed 
urine, at which stage the first three types of reflux 
start to occur at even lower pressures, which soon 
leads to grave impairment of renal function. 

Measurements of the urinary pressure have shown 
10-15 cm. water equivalents in the kidney pelvis, 
increasing steadily downstream with the help of 
pyelo-ureteral peristalsis, so as to reach 40-50 cm. 
in the juxtavesical ureter, needed to effectuate intra- 
vesical ejaculation. Ureteral adynamy, such as that 
due to congenital mega-ureter, causes stasis and sec- 
ondary infection, which sooner or later diffuses 
throughout the renal parenchyma. Conversely, ex- 
cretory obstruction is associated with urinary hyper- 
pressure, as a result of the differential pressure of 
ultrafiltration; under these circumstances, urinary 
pressure reaches a maximum, which is constant, and 
represents in a healthy kidney about 40 per cent of 
the median arterial pressure. 

Under physiologic circumstances, this maximum 
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urinary pressure reaches 80-90 cm. The hydrone- 
phrotic kidney, with shrunken arterioles, cannot ele- 
vate this pressure beyond 40 cm. The reduced filtra- 
tion in the sclero-atrophic kidney barely reaches 25 
cm. The pyonephrotic kidney no longer filters urine, 
and the feeble 10-15 cm. pressure equals the preva- 
lent intra-abdominal pressure. The author recom- 
mends routine urinary manometry (during cystos- 
copy with retrograde ureteral intubation), both as 
a means of more accurate evaluation of the individ- 
ual case, and to prevent excessive pressure during 
instillation of contrast medium. Moreover, associated 
with roentgen cinematography, study of the metab- 
olism of electrolytes and renal biopsy, measurement 
of the urinary pressures in the ureter and kidney pel- 
vis should be of value on a research basis.—E. R. N. 
Grigg, M.D. 


WILLIAM, OrromMan, RicuHarp E., 
and WILK, STeran P. Roentgen diagnosis of 
urinary complications following radical hys- 
terectomy and pelvic lymph node dissection. 
Radiology, Jan., 1958, 70, 56-54. (Address: 
W. Hanafee, University of California Med- 
ical Center, Los Angeles 24, Calif.) 


The roentgen aspects of complications occurring in 
the urinary tract following radical hysterectomy 
using Wertheim’s technique are described and illus- 
trated by clinical examples. These major complica- 
tions are a result of deficient blood supply with 
resultant tissue necrosis, and as there is some loss of 
bladder sensation due to altered nerve supply they 
may not be suspected or recognized for several days 
until a communication is actually established with 
the exterior either through the vagina, skin, or rec- 
tum. With a thorough knowledge of the anatomy 
and surgical techniques employed, the roentgen find- 
ings can be predicted and the time sequence of their 
possible appearance established. It is obvious that 
the more extensive the removal of potential cancer- 
bearing tissue, the greater the likelihood of injury to 
normal organs in the operative area. 

An analysis of follow-up roentgenograms in the 
postsurgical period in 25 cases of radical hysterect- 
omy with pelvic lymphadenectomy constituted the 
basis for this study. The postsurgical urinary tract 
complications found were divided into 2 distinct 
groups: early and late. The early or immediate com- 
plications consisted of a generalized ectasis of the 
upper collecting system, including the ureters, dimin- 
ished excretory function of the kidneys, bladder 
atony, and urinary infection secondary to stasis. 
Surgical trauma, edema, and ischemia are primarily 
responsible for these findings, with the severance of 
the ureteral and pelvic visceral nerve supply being 
a contributing factor. Excretory urography in the 
immediate postoperative period will usually show 
the ectasia of the pelvicalyceal system and the ure. 
ters. This ectasia will gradually regress as the ureteral 
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edema disappears. A cystogram will show the bladder 
atony and postvoiding films will show the large 
amounts of residual urine. 

The late or delayed urinary tract complications 
include fistulas of all types, ureteral strictures, per- 
sistent dysfunction of the urinary bladder, and chron- 
ic infection of the urinary tract. The first two are 
important for the radiologist to recognize as the 
therapeutic approach will ultimately depend upon 
the roentgen manifestations of their course. In the 
latter two the roentgenologic findings are not essen- 
tial for their diagnosis. Ureterovaginal fistulas are 
the most frequent, vesicovaginal next. These make 
their appearance on the average seven to fourteen 
days after surgery. Excretory urograms will show 
extravasation of the contrast medium as an ill-de- 
fined shadow at the level of the intrapelvic portion 
of the ureter, spreading within the retroperitoneal 
space between fascial planes. Retrograde pyelograms 
may demonstrate the exact site of the fistulous tract. 
Sometimes combinations of cystoscopy and contrast 
studies and intravenous pyelography are necessary 
to differentiate between ureterovaginal and vesico- 
vaginal fistulas. Ureteral stricture, the second most 
serious delayed complication, can be demonstrated 
by excretory urography. During the first few weeks 
a narrowing of the terminal segment of the ureter 
with hydronephrosis due to edema of the mucosa 
and wall will be seen. This usually subsides in about 
one month but if the damage is sufficient fibrous 
tissue will replace the normal musculature and in 
three or four, months a stricture will be present re- 
sulting in hydronephrosis or even a completely non- 
functioning kidney. Rectovaginal fistulas have not 
as yet been encountered.—Donald N. Dysart, M.D 


Guze, Lucien B., and O’SHEA, WILLIAM. 
Experimental hydronephrosis produced by 
beta irradiation of the ureter. ¥. Uro/., May, 
1958, 79, 801-806. (From: The Departments 
of Internal Medicine and Radiology, Yale 
University School of Medicine, New Haven, 


Conn.) 


The authors discuss the findings in groups of rats 
following the application of variable doses of beta 
radiation to the ureters. 

A control group of animals was subjected to the 
same operative procedure without the use of a radio- 
active applicator. All of these animals exhibited 
transient hydronephrosis. The changes occurred one 
day after the ureteral compression, persisted for 
seven days and then gradually subsided. In this 
group, the animals examined at the end of thirty days 
had normal pyelograms. 

In 8 animals 300 rep was administered directly 
to the left ureter. All these animals developed hy- 
dronephrotic changes of a degree and duration simi- 
lar to those seen in the control group and the pyelo- 
grams were normal at the end of thirty days. 
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Twenty rats received 700 rep directly to the left 
ureter. In this group the maximum hydronephrotic 
changes were seen one week following irradiation and 
persisted to the fourth week. Thereafter a decline 
occurred until the seventh or eighth week when a 
secondary rise began which reached its peak twelve 
weeks after exposure to beta irradiation. 

In 10 animals 1,500 rep were applied to the left 
ureter. In these animals a sustained uniform degree 
of hydronephrosis persisted until the twelfth week, 
after which a beginning decrease was noted. 

Examination of the rat kidneys at varying inter- 
vals after irradiation demonstrated changes compat- 
ible with those found by intravenous pyelography. 

Macroscopically the renal pelves and proximal 
ureters were overdistended. The kidneys were en- 
larged and dark in color and microscopically there 
was a tubular dilatation of varying degrees. 

Beta irradiation was used in these experiments to 
produce ureteral trauma with resultant scarring and 
partial obstruction. The applicator consisted of a 
smooth surfaced strontium 90 applicator about 0.5 
cm. in diameter. It was applied directly to the left 
lower ureter at laparotomy. 

The effects of the beta radiation observed were 
similar to those described by other authors and in- 
cluded a primary reaction noted within six hours and 
persisting for two to four days, followed by secondary 
erythema and pigmentation. In those animals ex- 
posed to higher doses, the primary and secondary re- 
actions persisted for a longer time. In the animals 
irradiated with 1,500 rep, the persistent duration of 
the hydronephrosis represented a more prolonged 
response to higher doses of irradiation. Continued 
studies might have revealed a delayed secondary re- 
sponse in this group.—George W. Chamberlin, M.D. 


FisHer, Mary S., Torre, AnrHony V., and 
Wou., G. T. Fatal uremia due to uric acid 
crystals in a case of lymphosarcoma. Radio/- 
ogy, Jan., 1958, 70, 84-86. (Address: M. S. 
Fisher, University and Woodland Aves., 
Philadelphia 4, Pa.) 


Uremia is a rare and partially avoidable complica- 
tion of radiation therapy of the lymphoma group of 
neoplasms which occurs as the result of uric acid pre- 
cipitation in the urinary tract. The authors report 
such a complication in a case of abdominal lympho- 
sarcoma in a twenty-four year old male. A positive 
diagnosis was established at laparotomy after which 
the patient was given daily roentgen therapy through 
a single 18X20 cm. anterior mediastinal and upper 
abdominal field. Seven treatments in seven days, in 
increments of 200 r in air per day (after the initial 
two treatments of 150 r each) resulted in an air dose 
of 1,250 r and a tumor dose of 660 r (250 kv., half- 
value layer 1.35 mm. Cu, distance 50 cm.). The pa- 
tient developed oliguria on the second day of therapy 
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and subsequently expired on the seventh day of 
treatment. An autopsy revealed both ureters to be 
occluded by uric acid crystals. 

Since uric acid is the end product of purine metab- 
olism, any process which increases nucleoprotein 
breakdown will produce increased levels of uric acid 
in the blood and urine. This may occur spontaneously 
but should be expected with any therapy which in- 
creases cell breakdown. The authors propose certain 
steps to minimize or prevent this occurrence which 
includes recognition of the possibility and careful 
evaluation of the kidney status. Prophylactic meas- 
ures include a high fluid intake, low purine diet, 
alkalinization of the urine and perhaps the use of 
cinchophen. If obstruction occurs the ureters should 
be catheterized and antibiotic therapy instituted.— 


Edward B. Best, M.D. 


Kincaip, Owincs W. Translumbar aortog- 
raphy. South M. F., April, 1958, 57, 455- 
464. (From: The Section of Roentgenology, 
Mayo Clinic, Rochester, Minn.) 


The author discusses the indications, contraindi- 
cations and his technique for translumbar aortog- 
raphy. His experience is based on the performance 
of more than 1,000 aortographies by the translumbar 
route at the Mayo Clinic. A good detailed descrip- 
tion of the technique is given. The method is not in- 
nocuous and there were 4 serious and § minor 
complications in the 1,000 cases with no deaths. 

The 4:serious complications were: (1) Anuria and 
ileus (after injection of both the superior mesenteric 
and renal artery); (2) pneumothorax; (3) chylo- 
thorax (injection made into inferior vena cava); and 
(4) esophagitis (after periaortic injection). 

The § minor complications consisted of mild reac- 
tions to the contrast medium manifested by urti- 
caria. 

In 42 cases a displaced injection occurred which 
was as follows: Periaortic (23 cases); intramural- 
aortic (5); superior mesenteric artery (5); left renal 
artery (4); celiac axis (2); splenic artery (1); lumbar 
artery (1); and inferior vena cava (1). 

The author concludes that aortography should be 
performed only when it can be expected to provide 
the surgeon with important information that cannot 
be obtained by simpler and safer means.—C. Peter 
Truog, M.D. 


Van Veuzer, Davin A., and Lanier, Ray- 
MOND R. A simplified technic for nephrotomog- 
raphy. Radiology, Jan., 1958, 70, 77-81. 
(Address: D. A. Van Velzer, 4200 East Ninth 
Ave., Denver 20, Colo.) 


A technique of laminagraphy to outline the kid- 
neys is described and is referred to by the authors as 
nephrotomography, a term first used by Evans ef al. 
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in 1954. The method is as follows: The circulation 
time is determined by injecting 5-10 uc of I! into 
an antecubital vein, with a scintillation counter cen- 
tered over the upper lumbar area. Fifty cubic centi- 
meters of 70 per cent urokon is then injected in two 
seconds through a large caliber needle into an ante- 
cubital vein. Three anteroposterior roentgenograms 
of the abdomen are taken and timed so as to show 
three phases of the injection. The first is made to 
visualize the aorta and renal arteries; the second to 
show the nephrographic phase which occurs about 
ten to twelve seconds after beginning the injection; 
and a third exposure as a tomogram through the 
kidney at a depth determined by a preliminary film. 
The whole procedure from the time of injection takes 
about twenty-five seconds. 

Indications for nephrotomography are: (a) to 
differentiate between renal cysts and neoplasms, (b) 
to study renal blood supply, (c) to determine renal 
function, (d) to substantiate inconclusive intrave- 
nous and retrograde pyelographic studies. Contrain- 
dications are the same as for intravenous pyelogra- 
phy. 

The results of 34 nephrotomographic studies per- 
formed by the authors are discussed, and three case 
histories are presented to illustrate the value of this 
technique.—Z. Petrany, M.D. 


SKELETAL SYSTEM 
HinkeEL, C. L. Fractures of the distal radius and 
ulna and dislocation of the proximal carpals. 
Radiology, Dec., 1957, 69, 809-814. (From: 
George F. Geisinger Memorial Hospital, 
Danville, Pa.) 


Trauma to the wrist frequently results in fractures 
and dislocations of the involved bones which can be 
diagnosed roentgenographically only with difficulty 
after special examinations. Occasionally re-examina 
tion after an interval of several days will reveal the 
presence of a healing fracture which was not evident 
at the time of the original examination. The occur- 
rence of accessory carpal ossicles, double ossification 
centers, and old un-united fractures makes the diag- 
nosis of recent fractures all the more difficult and 
sometimes impossible. 

Any of the carpal bones may become dislocated 
with or without fracture. Dislocation of the lunate 


bone is frequently overlooked. The relationship of 


the capitate, the lunate, and the radius, which is best 
evaluated in the lateral view, should be checked in 
every case of wrist trauma to rule out isolated dislo- 
cation of the lunate, or retrolunar dislocation of the 
carpus. Epiphyseal separations are essentially frac- 
tures through the distal metaphysis. Following re- 
duction, union is usually satisfactory, and there is 
seldom any deformity or impairment of growth. 
Crushing injuries of the epiphyseal cartilage are more 
serious, often resulting in premature fusion. The 
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radius is most often affected.—Walter H. Farvis, Fr., 
M.D. 


Brown, Wesster H., Dennis, Joun M., 
Davipson, CuHarves N., Ruspin, Paut S., 
and Futron, Haro p. Posterior dislocation 
of the shoulder. Radiology, Dec., 1957, 69, 
815-822. (Address: W. H. Brown, 11 East 
Biddle St., Baltimore 2, Md.) 


Posterior dislocation of the shoulder is an infre- 
quent injury. It is therefore often overlooked, espe- 
cially when associated with other severe bodily in- 
juries or with a fracture of the upper humerus. 
Serious disability may result if the dislocation is not 
detected and reduced promptly. The following roent- 
genographic projections are all useful and may suc- 
ceed in certain circumstances (no one projection is 
uniformly successful): anteroposterior; anteropos- 
terior stereoscopic, horizontal shift; anteroposterior 
stereoscopic, vertical shift; anteroposterior in inter- 
nal and external rotation; transthoracic lateral; 
superoinferior or inferosuperior with arm abducted; 
axial and semioblique views of the scapula; and 
laminagraphic exposures. 

Typical cases and end-results are presented. 
Arno W. Sommer, M.D. 


Nace, Douctas B., Whiplash injuries of the 
cervical spine. Radiology, Dec., 1957, 69, 823- 
827. (Address: 117 West 8th Street, Erie, Pa.) 


The whiplash injury consists in a hyperflexion of 
the neck resulting from a violent forward thrust of 
the head when the motion of the body has been sud- 
denly slowed or stopped. This injury also occurs as 
a recoil hyperflexion following hyperextension pro- 
duced by acceleration of the body from behind. The 
author has reviewed the less obvious roentgeno- 
graphic evidence of the cervical spine injuries result- 
ing from this so-called whiplash mechanism. Obvious 
injuries such as fractures and dislocations are not 
considered. The complete examination may require, 
in addition to the standard roentgenograms, stereo- 
scopic roentgenograms and Jaminagrams. Roentgen- 
ograms in lateral views made in flexion and extension 
and in oblique views may also be necessary. 

The types of fractures most commonly found in 
whiplash injuries are those involving the lateral 

masses, posterior arches, transverse or spinous proc- 
esses of the vertebra, or chip fractures of the ante- 
rior margins of the body. Odontoid process fractures 
may also occur. The less obvious injuries include 
those to the ligaments such as a tear, avulsion, or 
capsular rupture, and muscular injuries such as 
strains. The ligamentous and muscular injuries are 
best demonstrated by the flexion or extension roent- 
genograms which will show a loss or reversal of the 
normal cervical curvature and an uneven separation 
of the spinous processes upon flexing the neck. 
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These ligamentous and muscular injuries, though 
seemingly not as important as fractures, form a pos- 
itive basis for definite treatment.—Donald N. Dysart, 
M.D. 


BavENDAM, Freperick A. Fractures of the 
carpal bones. Radiology, Dec., 1957, 69, 828- 
830. (Address: Mercy Hospital, Springfield, 
Ohio.) 


The author reviews the problem of roentgen diag- 
nosis of fractures of the carpal bones. Emphasis is 
placed on meticulous roentgen technique after thor- 
ough clinical examination in order to minimize errors 
in diagnosis and consequently reduce residual inca- 
pacity in patients suffering carpal injury. The mini- 
mum examination of the wrist should include roent- 
genograms in the posteroanterior view made with 
the hand in partial ulnar deviation, in an oblique 
view with the hand in partial pronation, and in a 
true lateral view. Other special views may be re- 
quired. A cardboard holder with nonscreen film is 
used as this affords better detail. 

Navicular fractures are the most common carpal 
fractures and the most important because of their 
propensity to nonunion and avascular necrosis re- 
sulting in permanent disability. Displaced fractures 
of the proximal third of the navicular bone are espe- 
cially prone’‘to nonunion and avascularity. Disloca- 
tions are more common than fractures in the case of 
the lunate. Fractures of the triquitral bone are best 
seen in the lateral view and commonly produce no 
late sequelae. Fractures of the greater multangular 
bone are rare, usually being chip fractures associated 
with a navicular fracture. The lesser multangular 
bone is rarely fractured and when a fracture is found, 
this is of compound type as a rule. The capitate is 
relatively well protected and only chip fractures or 
fractures of the proximal third of the bone in asso- 
ciation with navicular fractures have been reported. 
Occasional fractures of the hamate are recognized, 
usually in conjunction with fracture or dislocation of 
the fourth or fifth metacarpals.—Yohn Alexander, 
M.D. 


Piatt, Arnotp D. Some significant aspects of 
fractures of the calcaneus. Radiology, Dec., 
1957, 69, 831-836. (Address: 36 West Locust 
St., Newark, Ohio.) 

Routine lateral and axial or tangential roentgeno- 


grams of the calcaneus frequently are insufficient to 
rule out less evident fractures. In such instances, ex- 
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amination should be supplemented with roentgeno- 
grams made in Anthonsen’s oblique projection and 
in an inversion-oblique view. A Bucky axial view of 
the injured heel and a lateral comparison with the 
uninjured heel will often be of considerable value. 

Calcaneal fractures are classified into 2 major cate- 
gories—those that involve the subtalar joint and 
those that do not. There are many subdivisions in 
each of the major groups, so arranged as to obtain a 
prognosis and determine the type of treatment. All 
treatment is aimed to restore as much as possible the 
normal anatomic arrangement in order to permit the 
normal physiologic mechanics to function. The fact 
that almost 40 per cent of calcaneal fractures require 
surgical intervention, and that long periods of con- 
valescence may be necessary, indicates that radiolo- 
gists must do their utmost to properly evaluate in- 
juries to this bone. 

The different types of fractures and their mecha- 
nism of production are discussed.—Donald N. Dysart, 
M.D. 


Jones, Paut A. The immediate prognosis of 
intracapsular fractures of the neck of the 
femur. Radiology, Dec., 1957, 69, 837-838. 
(Address: 737 Market St., Zanesville, Ohio.) 


The role of the radiologist in the diagnosis and 
management of fractures is discussed. Planning the 
type of reduction and its actual performance should 
be under the direct authority of the radiologist who 
in turn should be competent in orthopedic roentgen- 
ology. 

In determining the prognosis of intracapsular 
fractures of the femoral neck, 4 points are important: 
(1) A fracture line of less than 30° to the horizontal 
has a good prognosis even without internal fixation. 
A 30°—s0° fracture line requires perfect internal fixa- 
tion, whereas those between 50°—90° to the horizon- 
tal bear an unfavorable prognosis even with accurate 
nailing. (2) Abduction type fractures have a much 
better prognosis than adduction types; the latter 
types should be transformed to an abduction type. 
(3) Extremely demineralized bone forms poor callus 
and even with excellent reduction the prognosis is 
unfavorable. (4) Severe comminution of the medial 
margin of the neck and shaft fragments, such as 
those seen in automobile accidents with extreme 
trauma, definitely have poor union. Anteroposterior 
roentgenograms should always be taken with the 
limb in complete internal rotation. Frogging of the 
leg should never be attempted when making roent- 
genograms in lateral views.—Z. Petrany, M.D. 
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